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(57) Abstract 

The present invention relates to rapid methods for the detection of ischemic states and to kits for use in such methods. Provided for 
IS a rapid method of testing for and quantifying ischemia based upon methods of detecting and quantifying the existence of an alteration 
of the serum protein albumin which occurs following an ischemic event; methods for detecting and quantifying this alteration include 
evaluating and quantifying the cobalt binding capacity of circulating albumin, analysis and measurement of the ability of senim albumin 
to bind exogenous cobalt, detection and measurement of the presence of endogenous copper in a purified albumin sample and use of an 
immunological assay specific to tiic altered fomi of scrum albumin which occurs following an ischemic event Also taught by Uie present 
invention is the detection and measurement of an ischemic event by measuring albumin N-terminal derivatives diat arise following an 
ischemic event, including truncated albumin species lacking one to four N-terminal amino acids or albumin with an aoe^lated N-t«minal 
Asp residue. 
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TESTS FOR THE RAPID EVALUATION OF ISCHEMIC STATES AND KITS 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to rapid methods for the detection of ischemic 
5 states and to kits for use in such methods. More particularly, the invention relates to 
the measurement of a bound specific transition element to human serum albumin or 
the measurement of albumin N-terminal derivatives to determine the presence or 
absence of ischemia. 

2. Discussion of the Background 

1 0 Ischemia is the leading cause of illness and disability in the world. Ischemia is 

a deficiency of oxygen in a part of the body causing metabolic changes, usually 
temporary, which can be due to a constriction or an obstruction in the blood vessel 
supplying that part. The two most common forms of ischemia are cardiovascular and 
cerebrovascular. Cardiovascular ischemia, in which the body's capacity to provide 

1 5 oxygen to the heart is diminished, is the leading cause of illness and death in the 

United States. Cerebral ischemia is a precursor to cerebrovascular accident (stroke) 
which is the third leading cause of death in the United States. 

The continuum of ischemic disease includes five conditions: (1) elevated 
blood levels of cholesterol and other blood lipids; (2) subsequent narrowing of the 

20 arteries; (3) reduced blood flow to a body organ (as a resuh of arterial narrowing); (4) 
cellular damage to an organ caused by a lack of oxygen; (5) death of organ tissue 
caused by sustained oxygen deprivation. Stages three through five are collectively 
referred to as "ischemic disease,*" while stages one and two are considered its 
precursors. 

25 Together, cardiovascular and cerebrovascular disease accounted for 954,720 

deaths in the U.S. in 1994. Furthermore, more than 20% of the population has some 
form of cardiovascular disease. In 1998, as many as 1 .5 million Americans will have 
a new or recurrent heart attack, and about 33% of them will die, Additionally, as 
many as 3 to 4 million Americans suffer firom what is referred to as "silent ischemia." 

30 This is a condition where no clinical symptoms of ischemic heart disease are present. 

There is currently a pressing need for the development and utilization of blood 
tests able to detect injury to the heart muscle and coronary arteries. Successful 
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treatment of cardiac events depends largely on detecting and reacting to the presence 
of cardiac ischemia in time to minimize damage. Cardiac enzymes, specifically the 
creatine kinase isoenzyme (CK-MB), and cardiac markers, specifically the Troponin I 
and T biochemical markers, are utilized for diagnosing heart muscle injury. However, 
5 these enzymes and markers are incapable of detecting the existence of an ischemic 
state in a patient prior to myocardial infarction and resulting cell necrosis (death of 
cell). Additionally, these enzymes and markers do not show a measurable increase 
until several hours after an ischemic event. For instance, CK-MB, the earlier evident 
of the two, does not shows a measurable increase above normal in a person's blood 

10 test until about four to six hours after the beginning of a heart attack and does not 
reach peak blood level until about 1 S hours after such an event. Thus, the primary 
shortcoming of using cardiac markers for diagnosis of ischemic states is that these 
markers are only detectable after heart tissue has been irreversibly damaged. 

There currently are no tests available which allow diagnosis of the existence of 

1 5 ischemia in patients prior to tissue necrosis. A pressing requirement for emergency 
medicine physicians who treat chest pain and stroke symptoms is for a diagnostic test 
that would enable them to definitively "rule out" myocardial infarction, stroke, and 
other emergent forms of ischemia. A need exists for a method for immediate and 
rapid distinction between ischemic and non-ischemic events, particularly in patients 

20 undergoing acute cardiac-type symptoms. The present invention provides such a 
means. 

A broader array of diagnostic tests are available for diagnosis of ischemia in 
patients with non-acute symptoms. The EKG exercise stress test is commonly used as 
an initial screen for cardiac ischemia, but is limited by its accuracy rates of only 25- 

25 50%. Coronary angiography, an invasive procedure that detects narrowing in the 
arteries with 90-95% accuracy, is also utilized. Another commonly used diagnostic 
test is the thallium exercise stress test, which requires injection of radioactive dye and 
serial tests conducted four hours ^art. The present invention, however, has the 
advantage over the known methods of diagnosis in that it provides equivalent or better 

30 accuracy at far lower costs and decreased risk and inconvenience to the patient. The 
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present invention provides specificity and sensitivity levels of 75-95%, which are far 
more accurate than the EKG exercise stress test and comparable in accuracy to current 
diagnostic standards. Furthermore, the present invention presents a significant time 
advantage and is cheaper than competmg methods of diagnosis by a factor of at least 

15 tor. 

It is known that immediately following an ischemic event, proteins (enzymes) 
are released mto the blood. Well known proteins released after an ischemic heart 
event include creatine kinase (CK), serum glutamic oxalacetic transaminase (SGOT) 
and lactic dehydrogenase (LDH). One well known method of evaluating the 
occurrence of past ischemic heart events is the detection of these proteins in a 
patient's blood. U.S. Pat. No. 4,492,753 relates to a similar method of assessing the 
risk of future ischemic heart events. However, injured heart tissue releases proteins to 
the bloodstream after both ischemic and non-ischemic events. For instance, patients 
undergoing non-cardiac surgery may experience perioperative ischemia. Electro- 
cardiograms of these patients show ST-segment shifts with an ischemic cause which 
are highly correlated with the incidence of postoperative adverse cardiac events. 
However, ST-segment shifts also occur in the absence of ischemia; therefore, 
electrocardiogram testing does not distinguish ischemic from non-ischemic events. 
The present invention provides a means for distinguishing perioperative ischemia 
from ischemia caused by, among other things, myocardial infarctions and progressive 
coronary artery disease. 
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SUMMARY OF THE INVRNTTOTsJ 
The present need for rapid, immediate and continuous detection of ischemic 
states is met by the present invention. Specifically, the present invention provides for 
rapid methods of testing for the existence of and quantifying ischemia based upon 
5 methods of detecting and quantifying the existence of an alteration of the serum 

protein albumin which occurs following an ischemic event. Preferred methods of the 
present mvention for detecting and quantifying this alteration include evaluating and 
quantifying the metal binding capacity of albumin, analysis and measxirement of the 
ability of serum albumin to bind exogenous metal, detection and measurement of the 

1 0 presence of endogenous copper in a purified albumin sample, use of an 

immmological assay specific to albumin-metal complexes, and detection and 
measurement of albumin N-terminal derivatives that arise following an ischemic 
event. Also taught by the present invention is the use of the compound Asp-Ala- 
His-Lys-R, wherem R is any chemical group capable of being detected when bound to 

15 a metal ion that binds to the N-terminus of naturally occurring human albumin, for 
detection and quantitation of an ischemic event. 

. Advantages and embodunents of the invention include a method for ruling-out 
the existence of an ischemic state or event in a patient; a method for detecting the 
existence of asymptomatic ischemia; a method for evaluating patients with angina to 

20 rule-out the recent occurrence of an ischemic event; an immediate method for 

evaluation of patients suffering from chest pain to detect the recent occurrence of a 
myocardial infarction; a method for evaluation of patients suffering from stroke-like 
signs and symptoms to detect the occurrence of a stroke and to distinguish between 
the occurrence of an ischemic stroke and a hemorrhagic stroke; a rapid method for 

25 supplementing electrocardiographic results in determining the occurrence of true 

ischemic events; a method for detecting the occurrence of a true ischemic event in a 
patient undergoing surgery; a method for evaluating the progression of patients with 
known ischemic conditions; a method for comparing levels of ischemia in patients at 
rest and during exercise; a method for assessing the efficacy of an angioplasty 

30 procedure; a method for assessing the eflScacy of thrombolytic drug therapy; a 
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method for assessing the patency of an in-situ coronary stent; and, a method for 
detecting in a pregnant woman the occurrence of placental insufficiency. 

Additional advantages, applications, embodiments and variants of the 
invention are included in the Detailed Description of the Invention and Examples 
5 sections. 

As used herein, the term "ischemic event," and "ischemic state" mean that the 
patient has experienced a local and/or temporary ischemia due to partial or total 
obstruction of the blood circulation to an organ. Additionally, the following 
abbreviations are utilized herein to refer to the following amino acids: 



10 





Amino acid 


Three-letter abbreviation 


Single-letter notation 




/uamne 


Ala 


A 




Arginine 


Arg 


R 


1 c 
13 


Asparagine 


Asn 


N 




Aspanic aciu 


Asp 


D 




Asparagine or aspartic 


Asx 


B 




acid 








Cysteine 


Cys 


C 


20 


Glutamine 


Gin 


Q 




Glutamic acid 


Glu 


E 




Glutamine or glutamic 


Glx 


Z 




acid 








Glycine 


Gly 


G 


25 


Histidine 


His 


H 




Isoleucine 


He 


I 




Leucine 


Leu 


L 




Lysine 


Lys 


K 




Methionine 


Met 


M 


30 


Phenylalanine 


Phe 


F 




Proline 


Pro 


P 




Serine 


Ser 


S 




Threonine 


Thr 


T 




Tryptophan 


Tip 


W 


35 


Tyrosine 


Tyr 


Y 




Valme 


Val 


V 
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A separate test method for ischemia was described by a common inventor in 
U.S. Patents Nos. 5,227,307 and 5,290,5 19 to Bar-Or et al., herein incorporated by 
reference in their entirety. Also incorporated herein in their entireties by reference are 
the following commonly assigned applications: U.S. Serial No. 09/165,926, filed 
5 October 2, 1998; U.S. Serial No. 09/165,581, filed October 2, 1998; and U.S. Serial 
No. 60/115,392, filed January 11, 1999. 



BRIEF DESCRIPTION OF THE FIGURES 
Figs. 1-3 illustrate kits useful in carrying out the derivative embodiment of the 
1 0 subject invention. 

Fig. 4 shows selected regions of the 'H-NMR spectra (500 MHz, 10% DjO in 
H20, 300K) showing the Ala resonances (Ala-2 and Ala-8) of the octapeptide (Asp- 
Ala-His-Lys-Ser-Glu-Val-Ala) (a) fi?ee of any metal, with a Lys-4 methylene 
resonance appearing between the doublets, (b) with 0.5 equiv, of NiClj added, (c) with 
15 1 .0 equiv. of NiClj added, (d) with 0.5 equiv. of CoClj added, and (e) with 1 .0 equiv. 
of C0CI2 added. 

Figs. 5A and 5B are ultraviolet spectra for non-acetylated Pep-12 (Asp-Ala- 
His-Lys-Ser-Glu-Val-Ala-His-Arg-Phe-Lys) and acetylated Pep- 12, respectively. 

Figs. 6A and 6B are ultraviolet spectra for non-acetylated Pep- 12 and 
20 acetylated Pep-12 each with C0CI2, respectively. 

Fig. 7 provides spectral analysis of five solutions of increasing proportions of 
acetylated Pep-12 to non-acetylated Pep-12 with effect on cobalt binding as reflected 
by a shift in absorbance fix)m 220 to 230. 

Figs. 8A and 8B are U.V. spectra of Pep-12 and acetylated Pep-12, 
25 respectively, mixed first with CuClj and then with CoClj. 

Fig. 9 is the U.V. spectra of acetylated Pep-8 (Asp-Ala-His-Lys-Ser-Glu-Val- 
Ala) which did not shift upon addition of cobalt. 

Figs. lOA-Darethe 'H-NMR spectra of Peptide 1 (Asp-Ala-His-Lys-Ser-Glu- 
Val-Ala-His-Arg-Phe-Lys) which shows the methyl signals of the two Ala residues at 
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positions 2 and 8 as titrated by NiClz. Fig. lOA is Peptide 1 at pH 2.55, while lOB is 
at pH 7.33. Fig. IOC is the spectra at pH 7.30 with 0.3 equiv. NiClj, and Fig. lOD is 
pH 7.33 at ~ 1 equiv. NiClj. 

Figs. IIA-Darethe 'H-NMR spectra of Peptide 1 (Asp-Ala-His-Lys-Ser-Glu- 
Val-AIa-His-Arg-Phe-Lys) which shows the methyl signals of the two Ala residues at 
positions 2 and 8 as titrated by C0CI2. Fig. 1 1 A is Peptide 1 at pH 2.56, while IIB is 
at pH 7.45. Fig. 1 IC is the spectra at pH 7.1 1 with rJQ.5 equiv. C0CI2, and Fig. 1 ID 
is pH 7.68 at ~ 1 equiv. C0CI2. 

Figs. 12A-D are the 'H-NMR spectra of Peptide 1 (Asp-Ala-His-Lys-Ser-Glu- 
Val-Ala-His-Arg-Phe-Lys) which shows the methyl signals of the two Ala residues at 
positions 2 and 8 as titrated by CUSO4. Fig. I2A is Peptide 1 at pH 2.56, while 12B is 
at pH 7.54. Fig. 12C is the spectra at pH 7.24 with ^.5 equiv. CUSO4, and Fig. 12D 
is pH 7.27 at ~ 1 equiv. CUSO4. 

Figs. 13A-D are the 'H-NMR spectra of Peptide 2, which is the acetylated-Asp 
version of Peptide 1. Fig. 13A is Peptide 2 at pH 2.63. Fig. 13B is Peptide 2 at pH 
7.36. Fig. 13C is Peptide 2 at pH 7.09 with ~0.5 equiv. NiClj. Fig. 13D is Peptide 2 
at pH 7.20 with .^1 equiv. NiClj. 

Figs. 14A-E are the 'H-NMR spectra of Peptide3 (Ala-His-Lys-Ser-Glu-Val- 
Ala-His-Arg-Phe-Lys). Fig. 14A is Peptide 3 at pH 2.83. Fig. 14B is Peptide 3 atpH 
7.15. Fig. 14C is Peptide 3 at pH 7.28 with ~ 0.13 equiv. NiClj. Fig. 14D is Peptide 
3 at pH 7.80 with ^.25 equiv. NiClj. Fig. 14E is Peptide 3 at pH 8.30 with ^.50 
equiv. NiCl2. 

Figs. 15A-D are the 'H-NMR spectra of Peptide 4 (His-Lys-Ser-Glu-Val-ala- 
His-Arg-Phe-Lys). Fig. 15A is Peptide 4 at pH 2.72. Fig. 15B is Peptide 4 at pH 
7.30. Fig. 15C is Peptide 4 at pH 8.30 with ^.5 equiv. NiClj. Fig. 15D is Peptide 4 
at pH 8.10 with ~1 equiv. NiCl2. 

Figs. 16A-D are the 'H-NMR spectra of Peptide 5 (Lys-Ser-Glu-Val-Ala-His- 
Arg-Phe-Lys). Fig. 16A is Peptide 5 atpH 2.90. Fig. 16B is Peptide 5 atpH 7.19. 
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Fig. 16C is Peptide 5 at pH1.02 with ^.3 equiv. NiCIj. Fig. 16D is Peptide 5 pH 
7.02 with ^0.6 equiv. NiClj. 

Figs. 17A-D are *H-NMR spectra of the N-terminal tetrapeptide, Asp-Ala-His- 
Lys. Fig. 17A is at pH 2.49. Fig. 17B is at pH7.44. Fig, 17C is at pH 7.42 with ^,8 
5 equiv. NiClz- Fig. 1 7D is at pH 7.80 with ^1 equiv. NiCiz- 

Figs. 18A-C are 'H-NMR spectra of the N-terminal tetrapeptide with CoCiz. 
Fig. 18A is at pH 7.44. Fig. 18B is at pH 7.23 with ^0.3 equiv. CoClj. Fig. 18C is at 
pH 7.33 with ^0.8 equiv. C0CI2. 

Figs. 19A-C are *H-NMR spectra of the N-terminal tetrapeptide with CUSO4. 
10 Fig. 19A is at pH 7.31. Fig. 19B is at pH 7.26 with ^0.5 equiv. CUSO4. Fig. 19C is 
at pH 7.32 with ^ 1 .0 equiv. CUSO4. 



DETAILED DESCRIPTION OF THE INVENTION 

A number of terms used herein have the following definitions. 
15 "Albumin-metal complex" or "metal-albumm complex" means the complex of 

a divalent cation, including but not limited to copper, cobalt and nickel, to the N- 
terminus of naturally-occurring albumin. 

"Albumin N-terminus" refers to that portion of naturally-occurring albumin 
constituting comprismg at least the four N-terminal amino acids, i.e., Asp-Ala-His- 
20 Lys. 

"Albumin N-terminal derivatives" refers to those species of albumin that are 
altered or truncated at the N-tominus as a result of an ischemic event Specifically, 
the derivatives include those albumin species lacking 4, 3, 2 and 1 N-termmal amino 
acid, as well as a full-length albumin that is acetylated at its terminal Asp residue. 
25 Albumin -terminal derivatives cannot form albumin-metal complexes and may be 
found in the blood of ischemic patients. Full-length, naturally-occurring albumin is 
set forth is SEQ. ID. NO. 1 . Acetylated- Asp albumin is set forth in SEQ. ID. NO. 2. 

"Antibody to an albumin-metal complex" is an antibody to the epitope formed 
of the metal and surrounding amino acids and/or their side chains. 
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"Derivative N-terminus" refers to the 4-12 amino acids at the N-terminus of 
albumin N-terminal derivatives, which may serve as an epitope in the generation of a 
monoclonal antibody. 

"Endogenous copper" refers to copper present in a patient sample of albumin, 
5 i.e., not exogenously added during the diagnostic procedure. 

"Excess quantity" of metal ion or "excess metal ion" refers to addition of an 
amount of metal ion that will substantially exceed the stoichiometrically available 
albumin metal ion binding sites such that substantially all naturally-occurring albumm 
is bound to metal ion at its N-terminus. 
1 0 "Known value" as used herein means a clinically-derived cut-ofF valxie or a 

normal range, to which a measured patient value is compared so as to determine the 
occurrence or non-occurrence of an ischemic event. 

"Naturally-occurring albumin" refers to albumin with an intact N-terminus 
(Asp-Ala-His-Lys-) that has not been acetylated. 
15 "Purified albumin" or "purified albumin sample" refers to albumin that has 

been partially purified or purified to homogeneity. "Partially purified" means with 
increasing preference, at least 70%, 80%, 90% or 95% pure. 

"Treadmill test" means a stress test to increase myocardial O2 demand, while 
observing if a mismatch occurs between demand and supply by observing symptoms 
20 such as shortness of breath, chest pain, EKG, low blood pressure and the like. 

While not being bound by any particular theory, it is believed that the present 
method worics by taking advantage of alterations which occur to the albumin 
molecule, affecting the N-terminus of albumin during an ischemic ("oxygen- 
depletion") event. (Ischemia occure when human tissue is deprived of oxygen due to 
25 insufficient blood flow.) A combination of two separate phenomena are believed to 
explain the mechanism by which the ischemia test of the present invention works. 
First, it is believed that the localized acidosis which occurs during an ischemic event 
generates free radicals which alter albumin's N-terminus; thus, by detecting and 
quantifying the existence of altered albumin, ischemia can be detected and quantified. 
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Second, the acidotic environment present during ischemia results m the release of 
bound copper (from ceruloplasmin and other copper-containing proteins) which is 
immediately taken up by albumin. The bound copper also alters the N-tenninus of 
albumin. (Not only does the presence of the complexed copper effectively "alter" the 
5 N-tenninus, the metal ion damages the protein structure on binding.) Thus, by 

detecting and quantifying the existence of altered albumin, and/or the copper-albumin 
complexes, ischemia can be detected and quantified. 

The details of the first mechanism are believed to be as follows. In the event 
of an oxygen insufficiency, cells convert to anaerobic metabolism, which depletes 

10 ATP, resulting in localized acidosis and lowered pH, and causmg a breakdown in the 
energy cycle (ATP cycle). Cellular pumps that keep calcium against the gradient are 
fueled by energy from the ATP cycle. With ATP depletion, the pumps cease to 
function and cause an influx of calcium into the cell. The excess intracellular calcium 
activates calcium-dependent proteases (calpain, calmodulin), which in tum cleave 

1 5 segments of xanthine dehydrogenase, transforming the segments into xanthine 

oxidase. The enqmes mvolved in this process are membrane-bound and exposed to 
the outside of the cell, and are thus in contact with circulating blood. Xanthine 
oxidase generates superoxide free radicals in the presence of hypoxanthine and 
oxygen. Superoxide dismutase dismutates the oxygen free radicals, turmng them into 

20 hydrogen peroxide. In the presence of metals such as copper and iron which are found 
in blood, hydrogen peroxide causes hydroxyl free radicals to be formed. Hydroxyl 
free radicals in tum cause damage to cells and human tissue. One of the substances 
damaged by free radicals is the protem albumin, a circulatmg protein in human blood; 
specifically believed to be damaged is the N-terminus of albumin, resulting in the 

25 albimiin N-terminal derivatives. 

Human serum albumin is the most abundant protein in blood (40g/l) and the 
major protein produced by the liver. Many other body fluids also contain albumin. 
The main biological function of albimiin is believed to be regulation of the colloidal 
osmotic pressure of blood. The amino acid and structure of human albumin have been 

30 determined. Specifically, human albumin is a single polypeptide chain consisting of 



wo 00720840 



PCT/US99/2290S 



11 

585 amino acids folded into three homologous domains with one free sulfhydryl 
group on residue # 34. The specific amino acid content of human albumin is: 
Residues: Asp Asn Thr Ser Glu Gin Pro Gly Ala Cys Val Met He Leu Tyr Phe His Lys Trp Arg 
Number 39 15 30 22 60 23 25 12 63 35 39 6 8 61 18 30 16 58 1 23 

In the first embodiment of the present invention, an excess of metal (e.g., 
cobalt) ions are introduced into a (purified) albumin sample obtained from a patient 
serum, plasma, fluid or tissue sample (this embodiment is hereafter referred to as the 
"excess metal embodiment"). In normal (non-ischemic) patients, cobalt will bind to 
one or more amino acid chains on the N-terminus of albumin. In ischemic patients, 
however, most likely due to the alteration of the binding site of the N-terminus, cobalt 
binding to albumin is reduced. Accordingly, the occurrence or non-occurrence of an 
ischemic state can be detected by the presence and quantity of bound or unbound 
cobalt. Measurement of cobalt can be conducted by atomic absorption, infrared 
spectroscopy, high-performance liquid chromatography ("HPLC") or other standard or 
non-standard methods, including radioactive immunoassay techniques. 

The details of the second mechanism are believed to be as follows. 
Ceruloplasmin is a circulating protein which binds copper; approximately ninety- 
percent of the in vivo copper (copper is abundant in blood, with concentrations 
comparable to iron) will be bound to ceruloplasmin. The remainder is in other bound 
forms; almost no free copper exists in circulating blood. In acidic conditions and 
reduced oxygen conditions, such as happens during ischemia, ceruloplasmin releases 
some of its bound copper. The released copper is taken up by albumin. Copper and 
cobalt both bind to albumm at the same site within the N-terminus. Thus, the bound 
(endogenous copper, present during ischemia, blocks cobalt from binding to albumin. 
The decrease in cobalt binding capacity of circulatmg albumin can be measured and 
quantified as a means for detecting and quantifyuig the presence of an ischemic event. 

The excess metal embodiment of the present invention comprises a method for 
detecting the occurrence or non-occurrence of an ischemic event in a patient 
comprising the steps of: (a) contacting a biological sample containing albumin of 
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said patient with an excess quantity of a metal ion salt, said metal ion capable of 
binding to the N-terminus of naturally occurring human albumin, to form a mixture 
containing bound metal ions and unbound metal ions, (b) determining the amount of 
bound metal ions, and (c) correlating the amount of bound metal ions to a known 
value to determine the occurrence or non-occurrence of an ischemic event. In this 
method, said excess quantity of metal ion salt may comprise a predetermined quantity 
and the quantity of unbound metal ions may be detected to determme the amount of 
bound metal ions. Additionally, the compound selected from the group consisting of 
Asp-AIa-His-Lys-R, wherein R is any chemical group capable of being detected when 
bound to a metal capable of binding to the N-terminus of naturally occurring human 
albumin, may be utilized to facilitate detection. 

This method uses samples of serum or plasma, or purified albumin. Preferred 
embodiments also include use of a metal ion salt comprising a salt of a transition 
metal ion of Groups lb-7b or 8 of the Periodic Table of the elements, a metal selected 
from the group consisting of V, As, Co, Cu Sb, Cr, Mo, Mn, Ba, Zn, Ni, Hg, Cd, Fe, 
Pb, Au and Ag. Also preferred, is detection of the amount of bound metal ions (or, m 
the case where the excess quantity of metal ion salt is a predetermined quantity, 
detection of the quantity of unbound metal ions) by atomic absorption or atomic 
emission spectroscopy or immunological assay. These detection mechanisms are also 
preferred for determination of the q\iantity of the compound Asp-Ala-His-Lys-R 
which is complexed with the metal ion salt in order to detect the quantity of unbound 
metal ions. A preferred method for conducting said immunological assay is using an 
antibody specific to an antigen comprising the compound Asp-Ala-His-Lys-R, 
wherein R is said metal ion. 

Where the metal employed m the above excess metal embodiment is nickel, 
another preferred detection method is nuclear magnetic resonance (NMR). It has been 
observed that addition of Ni ion gives a sharp diamagnetic *H-NMR spectrum for the 
resonances of the first three amino acids (Asp-Ala-His) of the albumin N-terminus 
octapeptide. While Co ion can also induce changes in the NMR spectrum of the first 
three amino acids of albumin, it induces paramagnetism at the binding site, resulting 
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in broadening of the resonances associated with the first three residues. Thus, the 
diamagnetic nature of the nickel complex makes it more amenable for NMR studies. 

The excess metal embodiment of the present invention also includes a 
colorimetric method of detecting the occurrence or non-occurrence of an ischemic 
event ma patient comprising the steps of: (a) contacting a biological sample 
containing albumin of said patient with a predetermined excess quantity of a salt of a 
metal selected from the group consisting of V, As, Co, Cu, Sb, Cr, Mo, Mn, Ba, Zn, 
Ni, Hg, Cd, Fe, Pb, Au and Ag, to form a mixture containing bound metal ions and 
unbound metal ions, (b) contacting said mixture with an aqueous color forming 
compound solution to form a colored solution, wherein said compound is capable of 
forming color when bound to said unbound metal ion, (c) determining the color 
intensity of said colored solution to detect the presence of unbound metal ions to 
provide a measure ofbound metal ions, and (d) correlating the amount of bound 
metal ions to a known value to determine the occurrence or non-occurrence of an 
ischemic event. Preferred embodiments of this method include the additional step of 
diluting said colored solution with an aqueous solution isosmotic with blood serum or 
plasma prior to step (c). Also preferred are: using ferrozine as the color forming 
compound, and, alternatively, using the compound Asp-Ala-His-Lys-R, wherein R is 
any group capable of forming color when bound to said metal ion as the aqueous color 
forming compound. Conducting steps (b) and (c) in a pH range of 7 to 9 is preferred. 
Further, conducting steps (b) and (c) using a spectrophotometer is preferred. Preferred 
samples in this method include serum, plasma, or purified albumin and a preferred 
metal ion salt is cobalt. 

Another embodiment is based on the endogenous copper mechanism discussed 
above- This embodunent involves a method for detecting the occurrence or non- 
occurrence of an ischemic state in a patient comprising the steps of: (a) detecting the 
amount of endogenous copper ions present in a purified albumin sample of said 
patient, and (b) correlating the quantity of copper ions present with a known value to 
determine the occurrence or non-occurrence of an ischemic event. Preferred methods 
for detection of the amount of copper ions present in the purified albumin sample are 
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by atomic absorption, atomic emission spectroscopy and immunological assay. A 
preferred method of conducting said immunological assay uses an antibody specific to 
an antigen comprising the compound Asp-Ala-His-Lys-R, wherein R is copper. This 
embodiment is referred to as the endogenous copper method. 
5 Another embodiment of the subject invention is also based on the first 

mechanism described above. The free radicals released during an ischemic event 
damage the N-terminus of albumin by causing the cleavage of up to four N-terminal 
amino acid residues, and possibly may induce acetylation of the N-terminus. The 
resulting albumin derivatives lack the capacity to bind to metal ions such as cobalt 

10 ion. In the subject embodiment, an ischemic event is diagnosed by detecting the 
albumin derivatives that cannot bind metal ion. For this reason, the subject 
embodiment is referred to herein as the "derivative embodhnent." 

As is reported in the Examples, albumin having an acetylated termmal Asp or 
lacking four, three, two or even one N-terminal amino acid have been found to lack 

1 5 the capacity to bind to cobalt ion. It has been observed that albumin derivatives 
lacking four, three, two or one N-terminal amino acids are present in the serum or 
patients with ischemia. 

The derivative embodiment of the subject invention comprises a method of 
detecting or measuring an ischemic event in a patient by: (a) contacting a patient 

20 sample comprising naturally-occuning albumin and optionally albumin N-terminal 
derivatives with an excess quantity of metal ion that binds to the N-terminus of 
naturally-occurring albumm, whereby albumin-metal complexes are formed; (b) 
partitioning the complexes from said derivatives, if any; (c) measuring at least one of 
said derivatives, if any; and (d) comparing said measured derivative to a known value, 

25 whereby the ischemic event may be detected or measured. 

The derivative embodiment method can be practiced with a metal ion salt that 
is a salt of a transition metal ion of Groups lb-7b or 8 of the Periodic Table of the 
Element. Preferably, the metal ion salt is a salt of a metal selected from the group 
consisting of V, As, Co, Sb, Cr, Mo, Mn, Ba, Zn, Ni, Hg, Cd, Fe, Pb, Au and Ag. 

30 Most preferred is that the metal ion is Ni or Co. The minimum incubation period for 
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metal ion and albumin is at least 4-5 minutes, and preferably 10 minutes, i.e., an 
amount of time sufficient for equilibrium to be reached. It is also preferred that 
heparin be added to the sample prior to the addition of the excess quantity of metal 
ion. 

5 The partitioning step of the derivative embodiment method can be carried out 

in two ways. It can be effected by having the excess metal ion of step (a) bound to a 
solid support such that the resulting albumin-metal complexes are retained on the 
solid support, permitting the elution separation of the albumin N-terminal derivatives. 
Alternatively, a solution of excess metal ion can be added to the patient sample, 

1 0 permitting the albumin-metal complexes to fomi, and the partitioning can be effected 
by contacting the complexes with antibodies to the metal-albumin complex that are 
bound to a solid support. 

Thus, in one aspect, the derivative embodiment involves a method comprising: 
(a) contacting a patient sample comprising naturally-occurring albumin and optionally 

1 5 albumin N-terminal derivatives with an excess quantity of a metal ion bound to a solid 
support, whereby the metal ion binds to the N-terminus of naturally-occurring 
albumin, forming metal-albumin complexes; (b) separating the complexes from said 
derivatives, if any; (c) measuring at least one of said derivatives, if any; and (d) 
comparing said measured derivative to a known value, whereby the ischemic event 

20 may be detected or measured. It is preferred that the solid support of step (a) be a 
diacetate or a phosphonate matrix. It is also preferred that the metal ion used in step 
(a) be nickel ion. It is further preferred that copper ion not be used in this method as it 
is likely to demonstrate non-specific binding to albumin thiol groups (located outside 
the N-terminus), possibly generating false negative results. 

25 Metal affinity chromatography methods useful in this embodiment are within 

the skill in the art For example, resins for separating proteins (including albumin) 
using metal affinity chromatography are described in U.S. Pat. Nos. 4,569,794; 
5,169,936; and 5,656,729. 

In another aspect, the derivative embodiment involves a method comprising: 

30 (a) contacting a patient sample comprising naturally-occurring albumin and optionally 
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albumin N-terminal derivatives with an excess of a metal salt, whereby a metal- 
albumin complex is fonned; (b) contacting the mfarture of step (a) with an antibody to 
smd complex, said antibody being bound to a solid support; (c) separating the 
complex from said N-terminal derivatives, if any; (d) measuring the amount of at least 
5 one N-termmal derivative, if any; and (e) comparing the measured N-terminal 

derivative to a known value, whereby an ischemic event may be detected or measured. 
In this aspect, it is preferred that the metal ion be cobalt ion. 

The step of measuring the albumin N-terminal derivatives can be carried out 
using antibodies (monoclonal or polyclonal) to the derivatives. The antibodies can be 

1 0 directed to one or more of the N-terminal epitopes for each derivative. Thus, one or 
more antibodies directed to one or more N-terminal epitopes may be used to measure 
the derivatives. Additionally, measuring can be accomplished by employing an 
antibody(ies) to albumin non-N-temunal epitopes. Because the partitioning step has 
removed all naturally-occurring albumin, any remaining albumin will be an N- 

1 5 termmal derivative. Antibodies used in the measuring step are labeled, preferably 
with an enzyme or a fluorescent label or by other methods known in the art. 

The derivative embodiment methods can be carried out using kits having 
components adapted to provide the reactants or reagents and carry out the process 
steps. Where the derivative embodiment method involves excess metal ion boimd to a 

20 solid support, the kit illustrated in Figure 1 can be employed. Referring to Figure 1 , 
the diagnostic kit 20 is constructed of an upper plate 1 and lower plate 3. The lower 
plate 3 has 1-2 elongated solid supports 6 (e.g., nitrocellulose) with a sample 
application filter 4 upon which a patient sample is applied through sample port 2. The 
filter 4 and port 2 may be positioned such that the filter 4 is conunon or shared by 

25 both elongated solid supports 6. The filter 4 removes cells (red and white blood cells, 
platelets, etc.), permittmg plasma to flow through to supports 6. The patient sample 
migrates from the filter at the first end of each of the elongated solid supports 6 to the 
second ends at the end of process indicators 18. The first solid support 6 provides a 
test fimction and the second provides a control function. The solid support providing 

30 a test fimction has an area 8 of immobilized metal ion to which naturally-occurring 
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albumin binds. The albumin N-tenninal derivatives continue to migrate dovm the 
solid support 6 to an area 10 containing ligand. In preferred embodiments, the ligands 
at area 1 0 are antibodies to albumin N-terminal derivatives and/or antibodies to 
naturally-occurring albumin. An antibody to naturally-occurring albumin may be 
5 used at area 1 0 provided it is directed to an epitope that is not located at the N- 

terminus of naturally-occurring albumin, so that it may bind to the derivatives. An 
antibody at area 10 to an albumm N-terminal derivative refers to an antibody directed 
to an N-terminal epitope of the derivative, such that the antibody is specific (i.e., 
recognizes only) the particular albumin N-terminal derivative. An advantage of 

10 including antibodies to albumin N-terminal derivatives at area 10 is that the amount of 
each or all N-terminal derivatives can be measured. Measurement of each derivative 
may permit a more accurate assessment of the degree and timing of the ischemic 
event. For example, a relatively higher concentration of the derivative lacking four N- 
terminal amino acids may reflect a greater degree or a longer duration of ischemia 

1 5 than a second sample where another derivative (e.g., albumin lacking only its N- 

terminal Asp residue) is more prevalent. Although the relative order of appearance of 
each derivative during the course of an ischemic event has not yet been determined, it 
will be possible to do so upon correlation of derivatives observed in patient samples 
with clinical observations of patients from whom the samples have been derived. 

20 In the control (second) elongated solid support 6, an area 1 1 containing ligand 

to albumin is provided to detect all albumin, naturally-occurring or N-terminal 
derivatives, in the sample. Thus, the antibody at area 1 1 is durected to an albumin 
epitope that is not located at the N-terminus of albumin. The antibody or antibody 
mixture at areas 10 and 1 1 should be the same for control purposes. 

25 The test and control results can be observed through ports 12 and 1 4, 

respectively. The binding of albumin or albumin N-terminal derivatives to antibody is 
detected by methods known in the art such as sandwich assays, enzyme assays or 
color indicators. For example, a labeled antibody may be added through ports 12 and 
14 to bind to any albumin that is bound to antibody attached to areas 10 and 11. The 

30 label on the added antibody may be, for example, alkaline phosphatase, a commonly 
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used reporter enzyme which reacts with synthetic substrates such as 1^-doxetane or 
p-nitrophenylphosphate to yield detectable products. Alternatively, a protein coloring 
reagent such as bromo cresol purple or bromo cresol green may be present in areas 10 
and 1 1 or added through ports 12 and 14. 
5 Finally, an end of process indicator 18 at the second end of each elongated 

solid support 6 may be employed to assure completion of the test, i.e., that a sufficient 
volume of biological sample has passed down each elongated solid support 6 for the 
test to be completed. Suitable end of process indicators 1 8 include pH indicators and 
conductance indicators as is known in the art. 

1 0 The kit illustrated in Figure 1 can also be used where the derivative 

embodiment method employs a solid-support bound antibody to the albumin-metal 
complex. Referring again to Figure 1 , the patient sample is first mixed with excess 
metal ion aqueous solution, whereby naturally-occurring albumin-metal complexes 
are formed, and then applied to the filter 4 at the first end of the elongated solid 

1 5 supports 6. As the sample migrates down the test (first) elongated solid support 6, it 
encounters area 8 between the first and second ends which has immobilized antibody 
to the albumm-metal complex. The albumin-metal complex binds to area 8, and the 
N-terminal derivatives continue migration to area 10 containing ligand to albumin 
which is proximate the second end. The ligand at area 10 can be an antibody directed 

20 to an albumin epitope that is not located at the naturally-occurring N-terminus, or can 
be antibodies to derivative N-terminal epitopes. An end of process indicator 1 8 can 
also be present at the second end of the first elongated solid support. A second or 
control elongated solid siq>port 6 can also be present in the kit 20 with an area 1 1 
having inmaobilized antibody to the albumin located between the first and second 

25 ends. 

The subject invention provides additional kit embodunents suitable for the 
derivative embodiment method employing the solid support bound antibody to 
albumm-metal complex. Referring now to Figure 2, a kit 40 is provided containing a 
solid support disk or circle 28 having a centrally located sample application filter 30 
30 for application of a patient sample that has been mixed with excess metal ion. 
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whereby naturally-occurring albumin-metal complexes have been fonned. The 
circular filter is surrounded by an inner concentric ring divided into a test half 32 
which contains ligand (e.g., monoclonal antibody) to albumin-metal complexes, and a 
control half 34 which contain no ligand. Beyond the inner concentric ring is an outer 
5 concentric rmg divided into a test half 38 andacontrol half 36, both of which contain 
ligand to albumin. In area 36, ligand is provided that detects all albumin, naturally- 
occurring or N-terminal derivatives, in the sample. Thus, the antibody at area 36 is 
directed to an albumin epitope that is not located at the N-terminus of naturally- 
occurring albumin. In area 38, ligand to naturally-occurring albumin and/or to 

1 0 albumin N-terminal derivatives is likewise provided. Again, for control purposes, the 
antibody or antibody mixture in areas 36 and 38 should be the same. 

As the patient sample radiates from the filter 30, the albumin-metal complexes 
bind to antibody to complexes in area 32. Filtrate from area 32 passes into area 38, 
where albumin N-terminal derivatives bind to antibody. Likewise, as patient sample 

15 radiates through area 34 of the control half and into area 38, all albumin present 

(naturally-occurring and derivative) binds to antibody present in area 36. The amount 
of albumin or albumin derivatives bound in area 38 is compared to a known value to 
determine whether an ischemic event has occurred. The amount of albumin or 
derivatives in area 38 can also be compared to a scale of known values, such as a color 

20 scale, to determme the degree of the ischemic event. The amount of albumin or 
derivatives boimd in area 38 is determined by methods known in the art including 
sandwich assays, enzyme assays or protein color reagents. 

As can be appreciated by those skilled in the art, the embodiment in Figure 2 
can also be readily adapted to the derivative embodiment method in which metal ion 

25 is bound to the solid support. Specifically, the solid support area 32 would have metal 
ion boimd thereto rather than antibody to albumin-metal complex. 

Figure 3 illustrates another kit 60 suitable for the derivative embodiment 
method employing the solid support boimd antibody to albumm-metal complex. The 
kit 60 comprises a circular solid support 56 with a centrally located sample 

30 application filter 50. The filter 50 is sunx)unded by a concentric ring which is divided 
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into two semi-circles. The control semi-circle contains an area 54 containing ligand to 
naturally-occurring albumin and albumin derivatives, preferably an antibody directed 
to an albumin epitope not located at the N-terminus of naturally-occurring albumin. 
The test semi-circle contains an area 52 containing ligand to albumin-metal complex. 
5 Thus, after a patient sample is mixed with an excess metal ion solution, whereby 

albumin-metal complexes are formed, it is applied to filter 50 from which it radiates 
to area 52, where the albumin-metal complexes bind to the ligand. In the control 
semi-circle, the patient sample radiates and the naturally-occurring albumin 
(complexes) and derivatives bind to the ligand in area 54. The ligand in area 54 is 

1 0 preferably a monoclonal or polyclonal antibody directed to a non-N-terminal epitope 
of naturally-occurring albumin. By comparing the amount of total albumin and 
derivatives bound to area 54 to the amount of albumin-metal complexes bound to area 
52, the amount of albumin derivatives can be calculated or esthnated, and an ischemic 
event detected or measured. The albumin or derivatives bound to antibodies on each 

1 5 area (52 or 54) can be detected or measured by methods known in the art includmg 
sandwich assays, ens^e assays and protein color assays. 

Figure 3 can likewise be adapted to be useful in the derivative embodiment 
method in which metal ion is bound to the solid support, i.e., where metal ion is 
immobilized in area 52. 

20 As is discussed above, a variety of antibodies are employed in the various 

embodiments of the subject invention. In the excess metal, endogenous copper and 
derivative embodiments, antibodies to albumin-metal complexes are employed. 
Patient antibodies specific to the albumin-metal (cobalt and nickel) complexes 
(including the N-tenninal epitope) have been identified in occupational studies 

25 (Nieboer et al. (1984) Br. J. Ind. Med. 41:56-63; Shirakawa et al. (1992) Clin. Exp. 
Allergy 22:213-218; Shirakawa et al. (1990) Thorax 45:267-271; Shirakawa et al. 
(1988) Clin. Allergy 18:451-460; and Dolovich et al. (1984) Br. J. Ind. Med. 41:51- 
55). Additionally, rabbit antibodies to human albumin-metal complexes have also 
been generated (Veien et al. (1979) Contact Dermatitis 5:378-382). Therefore, 
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antibodies to albumin-metal complexes for use in the subject methods either already 
exist in the art or would be readily obtainable using known methods. 

In addition to the foregoing antibodies, the derivative embodunent may also 
use antibodies to one or more of the albumin N-temiinal derivatives. As is set forth in 
5 the Examples, it has been found that the albumin derivatives that lack four, three, two 
and even one N-termmal amino acid have lost the capacity to bind to cobalt. 
Additionally, full-length albumin that has been acetylated at its Asp residue also 
cannot bind to cobalt. As is appreciated by the skilled artisan, antibodies that are 
specific to (i.e., recognize only) each of these derivatives can be obtained usmg 

10 known monoclonal antibody technology. Adjuvants such as KLH may be used to 
enhance imniunogenicity. 

Applications, embodiments and methods of the present invention comprising 
one or more of the aforementioned methods ofthe present invention include: A 
method for ruling-out the existence of ischemia in a patient, comprising application of 

15 any ofthe aforementioned methods, including application of any ofthe subject 

methods wherein said patient possesses one or more cardiac risk factors, said cardiac 
risk factors being selected from the group consisting of: age greater than 50, history 
of smoking, diabetes mellitus, obesity, high blood pressure, high cholesterol, and 
strong family history of cardiac disease. A variant thereof, comprises subjecting the 

20 patient to an exercise treadmill test followed by a second application ofthe same 

method, followed by a comparison ofthe results of the two {^plications. Comparison 
of the before and after ischemia diagnostic tests will reveal whether the ischemic 
event is induced only under the elevated metabolic conditions of exercise. This 
method may be used to detect the existence of ischemia provoked by exercise in an 

25 otherwise asymptomatic patient. 

Other embodiments, applications and variants ofthe present invention include 
a method for ruling-out the occurrence of an temporally-limited ischemic event in a 
patient comprising application of any of the subject diagnostic methods; a method of 
detecting the existence of ischemia in an asymptomatic patient comprising application 

30 of any of the subject diagnostic methods; a method for the evaluation of patients 
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suffering from stroke-like signs to determine the occurrence or non-occurrence of a 
stroke, comprising application of any of the subject diagnostic methods; a method for 
distinguishing between the occurrence of an ischemic stroke and a hemorrhagic 
stroke, comprising application of any of the subject diagnostic methods; and a method 
5 for assessing the efficacy of an angioplasty procedure, comprising application of any 
of the subject diagnostic methods. 

The present invention also provides a method for evaluation of a patient 
presenting with angina or angina-like symptoms to detect the occurrence or non- 
occurrence of a myocardial infarction, comprising application of any of the subject 
10 diagnostic methods and application of an electrocardiographic test, followed by 

correlation of the results of the application of the diagnostic method with the results of 
the electrocardiographic test to determine the occurrence or non-occurrence of a 
myocardial infarction. Preferred electrocardiographic tests are E.C.G., E.K.G. and 
S.A,E.C.a tests. 

15 Another method of the present invention is a method for supplementing 

electrocardiographic results to determine the occurrence or non-occurrence of an 
ischemic event, comprising application of any of the subject diagnostic methods and 
application of an electrocardiographic test, followed by correlation of the results of 
application of the diagnostic method with the results of said electrocardiographic test 

20 to determine the occurrence or non-occurrence of an ischemic event. A variant 
thereof, comprises application of the method wherein said patient is undergoing 
surgery. 

A further method of the present invention is a method for comparing levels of 
ischemia in patients at rest and during exercise is also taught by the present invention, 

25 comprising application of the following steps at designated times: (a) application of 
any of the subject diagnostic methods at a first designated time, (b) admmistration of 
an exercise treadmill test followed by a second application of the same diagnostic 
method employed in step (a), (c) comparing the results of the application of the 
diagnostic method prior to administration of the exercise treadmill test with the results 

30 of the application of the diagnostic method after administration of the exercise 



wo 00/20840 



PCTAJS99/22905 



23 

treadmill test, and (d) repeating steps (a) through (c) at additional designated times 
wherein, results obtained at designated time are compared. This embodiment may be 
used to evaluate patients with known or suspected ischemic conditions, to assess the 
patency of an in-situ coronary stent and to assess the efficacy of an angioplasty 
5 procedure. Preferred designated time intervals are three months, six months or one 
year. 

The present invention also teaches a method for assessing the efficacy of 
thrombolytic drug therapy, comprising the application of any of the subject diagnostic 
methods; and a method for detecting in a pregnant woman the occurrence of placental 

1 0 insufficiency, comprising application of any of the subject diagnostic methods. 

The subjea invention also includes calibration standards which have known 
molar ratios of albumin and metal and are useful in calibrating analyzers or kits that 
employ the subject methods. In one embodiment, the calibrator compositions are 
standards to be used to generate standard curves for calibration of clinical chemistry 

1 5 analyzers such as the Beckman CX-5™, Roche Cobas Mira™ and Dimension XL™. 

These analyzers can each detect or measure ischemic events based on the colorimetric 
version of the excess metal embodiment described herein. The calibrator 
compositions can also be used to calibrate analyzers such as atomic absorbance or 
atomic emission spectrophotometers. The calibrator compositions have preselected or 

20 predetermined ratios of naturally-occurring albumin and metal ion. In preferred 

embodiments, the albumin is human, the solution is buffered (e.g., Tris or HEPES), 
the pH is about 7-8, and the metal is divalent and is selected &om the group consisting 
of cobalt, nickel and copper. Aliquots of these calibrators, under specific conditions, 
produce a defined absorbance at 470-500 nm, i.e., a standard curve. 

25 The albumin that is used in the calibrators is substantially all naturally- 

occurring. By "substantially all," it is meant that at least 70%, and with mcreasing 
preference, at least 80%, 90% and 95% by weight, of the albumin is naturally- 
occurring. Without wishing to be bound by theory, it is believed that when the 
calibrator compositions are placed in solution, the metal ion becomes primarily bound 
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to the N-terminus of the albumin, although it is possible that a minor amount of metal 
ion can be bound to thiol or other groups located on the albumin. 

The calibrators are typically manufactured by starting with initial concentrated 
solutions of albumin and metal salt, and then mixing these concentrates in defined 
5 ratios to obtain desired molar ratios of albumin and metal concentrations in the 
resulting calibrator solutions. 

To generate the standard curve for the colorimetry-type analyzers, each of the 
calibrator solutions is mixed with a known, constant amount of excess metal salt and 
excess coloring reagent as described herein. Thereafter, absorbance is measured at 

10 500 nm and blocked albumin is plotted against absorbance. Because the amount of 
metal originally present in the calibrator solution and the excess metal salt added are 
both known, the absorbance, which is associated with the excess metal ion that did not 
bind to albumm, can be correlated with degree of N-terminal blockage of albumin 
originally present in the calibrator solution. As the degree of N-termmal blockage, 

15 i.e., percentage of original metal concentration, in the calibrator solution increases, the 
absorbance due to excess metal ion that does not bind to albumin also increases. The 
relationship is linear. 

To generate the standard curve for the atomic absorbance or atomic emission 
spectrophotometer, the calibrator solutions are applied to the analyzer. The 

20 absorbance is plotted against the original metal concentration present in each 
calibrator to generate the standard curve. 

Thus, the calibrator solutions are designed and intended to mimic ischemic 
patient samples in reflecting a range of albumin that is already bound to metal ion and 
is unavailable for binding to exogenously added metal ion. For example, a calibrator 

25 solution that has 75% of its albumin blocked with Cu at its N-terminus has only 25% 
of its albumin available for binding to exogenous, excess Co. After addition of 
coloring reagent to react with unreacted Co, absorbance at 500 nm will be much 
greater than that which would be observed for a calibrator solution that is only 25% 
blocked with Cu at its N-terminus. 



wo 00/20840 PCTAJS99/22905 

25 

For quality control purposes, the characteristics of the calibrators can be 
verified by: 

1 . measuring their metal to albumin ratio; metal can be measured by 
atomic absorption, and albumin can be measured by bromo cresol green (BCG) assay; 
5 2. using radioactive Co^^ albumin binding assay employing a Sepharose 

column; 

3 . measuring the absorbance of the calibrators at the appropriate 
wavelength over time; and 

4. measuring the absorbance of mixtures of calibrator solutions and 
1 0 excess cobalt plus coloring reagent, such as dithiothreitol (DTT). 

A greater understanding of the present invention and of its many advantages 
may be had from the following examples, given by way of illustration. The following 
examples are illustrative of some of the methods, applications, embodiments and 
variants of the present invention. They are, of coiirse, not to be considered in any way 
1 5 limitative of the invention. Numerous changes and modification can be made with 
respect to the invention. 

EXAMPLE 1 

Sample Handling Procedures for Ischemia Testing 

20 

The samples which were used in the present invention were obtained fix)m a 
variety of tissues or fluid samples taken from a patimt, or from commercial vendor 
sources. Appropriate fluid samples included whole blood, venoiis blood, arterial 
blood, blood serum, plasma, as well as other body fluids such as amniotic fluid, 

25 lymph, cerebrospinal fluid, saliva, etc. The samples were obtained by well known 
conventional biopsy and fluid sampling techniques. Preferred samples were blood 
plasma and serum and purified albumm. Purified albumin was isolated from the 
serum by any of the known techniques, including electrophoresis, ion exchange, 
affinity chromatography, gel filtration, etc. 

30 Blood samples were taken using Universal Precautions. Peripheral 

venipuncture was performed with the tourniquet on less than 30 seconds (contralateral 
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arm from any IV fluids). Blood is drawn directly into two 10 cc Becton Dickinson 
Vacutainer® Sodi\mi-Heparinized tubes and was gently inverted once to mix. If an 
IV port was in use, the blood was collected (after a discard sample was drawn 
equivalent to the dead space of usually 5 cc) into a plain syringe and dripped gently 
5 down the side of two 1 0 cc Becton Dickinson Vacutainer® brand tubes and gently 
inverted once to mix. Blood was also collected directly from the Vacutainer® tubes 
with special administration sets with a reservoir system that does not require a discard 
sample. These systems allow a draw to be taken proximal to the reservoir. 

Plasma tubes were centrifuged within 2 hours of the draw. (Note, collected 

1 0 serum was clotted between 30- 1 20 minutes at room temperature (RT) before 

centrifugation. The inside of the serum tube was ringed with a wooden applicator to 
release the clot from the glass before centrifugation. If the subject was taking anti- 
coagulants or had a blood clotting dysfunction, the sample was allowed to clot longer 
than 60 minutes, between 90-120 minutes was best.) The tubes were centrifuged for 

15 10 minutes at RT at 1 lOOg (<1 300g). Collected samples were pooled in a plastic 
conical tube and inverted once to mix. 

If the sample was not used within 4 hours of centrifugation, the sample was 
frozen. Alternatively, separated serum was refrigerated at 4^* C until tested, but was 
tested within 8 hours (storage over 24 hours may have resulted in degradation of the 

20 sample). "Stat" results (obtained within 1 hour of completion of centrifugation step) 
were preferred. The following percent dififerences for the ischemia test were 
measured using plasma and serum samples < 8 hours and < 24 hours aft^ collection. 
Delayed test results were compared to stat test results on the same patient sample and 
the mean percent differences (and standard deviations) were as given below: 



25 
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Storage and Delayed Testing Data for the Ischemia Test 

<8hrs. vs. Stat ^ 24hr, vs. stat * 

Plasma n 20 n 23 

5 (stored at %difr -5.3% • %difF ^.8% 

room temp) S.D. .094 S.D. .090 

Plasma n 18 n 40 

(stored at %diff 1.7% %difr 1.0% 

10 4^C) S.D. .070 S.D, .094 

Serum n 16 

(stored at %diff -12.8% (not enough 

room temp) S.D. .157 samples) 

15 

Serum n 14 n 24 

(stored at %difr -7.3% %difr -2.7% 

4°C) S.D. .040 S.D. .210 

20 * ^ 24 hr. test results given here are a total that include the < 8 hr. test sample results. 

EXAMPLE 2 

Test Method for Detecting Occurrence of Ischemic Event Using Cobalt Binding 

25 The ischemia test (cobalt version) was run as follows: 200 ^1 of patient 

sera was added to each of two tubes each containing 50 |il 0,1% CoCla* 6H2O. The 
mixture was allowed to react at room temperature (18-25° C), or higher, for 5 or more 
minutes. Thereafter 50 |il 0.01 M dithiothreitol (DTT) was added to one of the two 
tubes (the "test tube") and 50 jil 0.9% NaCl was added to the second tube (the 

30 "background tube"). After two mmutes, 1 ml 0.9% NaCl was added to both tubes. 
A470 spectroscopy measurements were taken of the two tubes. The ischemia test 
was considered positive if the optical density was greater than or equal to .400 OD (or 
alternatively a clmically derived cut-off) using a spectrophotometer at OD 470nm. 
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Equivalent materials which may be used as alternatives include any of the 
transition metals. Ferroane or other compounds with an affinity to cobalt can be 
substituted for DTT and/or any cobalt or metal coloring reagent. CoCl2» 6H2O, for 
instance, can be utilized. The optimal range for cobalt binding to albumin is from pH 
5 7 to pH 9, with a range of pH 7.4-8.9 being most preferred; pH 9 is optimal for cobalt 
interaction with the color reagent. The amount of serum sample can also vary, as can 
the amounts of CoClj* 6H2O and DTT and ferrozine. Critical, however, is that the 
amount of cobalt used be in excess of the amount of albumin and that the DTT or 
ferrozine be in excess of the cobalt. 

10 

EXAMPLE 3 

Test Method For Detecting Occurrence of Ischemic Event Using Measurement of 
Copper 

1 5 Albimiin was purified from .2 cc of human serum or plasma using an ion 

exchange method to produce approxunately 8 mg of purified albumm. A buffer 
having a pH in the range of 7 to 9 was added. The amount of copper present in the 
sample was then measured by direct spectrophotometric and potentiometric methods, 
or by any of several other known methods, including atomic absorption, infrared 

20 spectroscopy, HPLC and other standard or non-standard methods, including 

radioactive tracer techniques. The proportion of copper to albumin can be then used 
as a measure of ischemia, the greater the proportion, the higher the ischemia value. 

EXAMPLE 4 

25 Test Method for Ruling-out The Existence of Ischemia in a Patient 

The following protocol is designed to rule out ischemic conditions in healthy 

appearing patients who describe prior symptoms of occasional chest pain or shortness 

of breath. 

First, a medical history (including a detailed history of the present and past 
30 medical problems and risk factors for ischemic heart disease), physical exam, and 
vital signs are obtained. If the patient has any cardiac risk factor for ischemic heart 
disease (age > 50, smoking, diabetes mellitus, obesity, high blood pressure, elevated 
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low density lipoproteins, high cholesterol, and strong family history of cardiac 
disease), the physician is instructed to order a resting twelve-lead EKG and a chest x- 
ray. If the twelve-lead EKG shows evidence of an acute myocardial infarction (AMI), 
the patient is immediately transported to a hospital for intensive cardiac treatment. If 
5 the twelve-lead EKG does not show evidence of (AMI), the patient will be scheduled 
for an outpatient twelve-lead EKG exercise treadmill within the next few days. A 
blood sample should be drawn immediately before and again after the exercise 
treadmill test and the ischemia test run on each sample. 

If the exercise treadmill test shows definite evidence of cardiac ischemia, 

10 usually seen by characteristic changes of the ST segments, dramatic abnormalities of 
pulse or blood pressure, or anginal chest pain, the patient should be treated for cardiac 
ischemia and referred to a cardiologist for possible coronary angiogram and 
angioplasty- If the exercise treadmill test does not show any evidence of cardiac 
ischemia, or the findings are equivocal, but the ischemia test is abnormal, the patient 

1 5 sunilarly should be treated for cardiac ischemia and referred to a cardiologist for 
possible coronary angiogram and angioplasty. (Absent the present invention, such 
patients with moderate to high cardiac risk factors would be referred to a cardiologist 
for fiirther (typically invasive) cardiac testing). 

If the exercise treadmill test does not show any evidence of ischemic heart 

20 disease, or the findings are equivocal, and the ischemia test is normal, the patient may 
be sent home with no evidence of cardiac ischemia. In comparison, prior to the 
present invention, in the case where the exercise treadmill test does not show any 
evidence of cardiac ischemia, or the findings are equivocal, patients witfi low risk for 
cardiac ischemia typically would not have any other tests ordered. In such cases, the 

25 physician is taking a calculated risk. It is well documented in the medical literature 
that at least 25 to 55 percent of patients (higher in females) will have some ischemic 
heart disease which is not found with routine exercise treadmill testing. 



30 
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EXAMPLE 5 

Test Method for Evaluating Patients with Angina to Rule-out the Occurrence of An 
Ischemic Event 

In this study, clinical criteria (EKG changes, elevated cardiac enzymes or 
markers, positive thallium treadmill or positive angiogram) v^ere used to determine 
the presence or absence of ischemia in patients presenting with chest pain. Ischemic 
patients were those with at least one clinical finding positive for ischemia. Normal 
patients were those for whom clinical findings were negative, as well as normal 
volunteers with no history or symptoms of cardiac or cerebral ischemia. 

Blood samples were taken from 139 subjects who either presented to 
emergency departments of several hospitals with chest pain or normal volunteers. 
Blood was drawn into plain red top tubes and, after ten minutes, the clotted blood was 
centrifuged to separate the serum. Serum was refiigerated at 4° C until tested. If the 
sample would not be used within 4 hours of centrifiigation, it was firozen, but in no 
case was testing delayed more than 3 days. 

Samples were centrifiiged for S-10 minutes in an analytical centrifuge 
immediately before testing. 200 ^1 off each sample was aliquoted in triplicate with 
an additional tube to be used as a Blank (no DTT) control into borosilicate glass tubes. 
Also aliquoted was 200 ^1 of a Standard, such as Accutrol or HSA, in triplicate plus a 
Blank control. At 10 second intervals, 50.0 jil of 0.10% C0CI2 (store working stock 
and stock at 4*^ C) was added to each tube. Solution was added to the sample, not 
glass, and tubes were "flicked" to mix. 

After 10.0 minutes (starting with the furst tube to which cobalt solution was 
added) an additional 50.0 ^1 of 0.9% NaCl was added to the two Blank tubes using the 
appropriate 10 second intervals. 50.0 ^1 of 0.01 M DTT was additionally added to the 
Plasma (not Blank) tubes in their appropriate 1 0 second intervals. Of note, it is 
preferred that DTT be made firesh weekly (6 mg per 4 ml HjO) and stored at 4® C. 

After 2 minutes (starting with the first tube to which cobalt solution was 
added) 1 .0 ml of 0.9% NaCl solution was added to each tube, using the appropriate 10 
second intervals. Tubes were agitated to mix. In the event that there were too many 
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tubes to finish the test tubes in 10 second intervals, reagents were added to the 
"Blank" tubes without timing. 

The optical density of each sample set was read using the set's Blank to read 
absorbance at 470 ran. The cuvette was checked for air bubbles before reading and 
5 washed with HjO between sets. The ischemia test was considered positive if the 

optical density was greater than or equal to .400 using the spectrophotometer at OD 
470 nm. 

The results of the ischemia test compared to the diagnosis determined by 
clinical criteria are as described in the chart below. Four false negatives and three 
1 0 false positives were reported. 
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Study resuhs demonstrated that the ischemia test marker has a higher value in patients 
with clinically diagnosed ischemia. The diagnostic accuracy of the ischemia test for 
the chest pain study was above 90 percent (sensitivity, 96.0%; specificity, 92.5%; 
20 predictive value, (+)96.9%; predictive value, (-) 90.2%). 



EXAMPLE 6 

Test Method For Evaluation of Patients Suffering From Chest Pain to Determine the 
Occurrence or Non-occurrence of a Mvocardial Infarction 

25 

The following study is proposed to test the ability of the present invention to 
detect ischemia in the initial hours following the onset of chest discomfort suspicious 
for cardiac ischemia. The cobalt version of the test is used. 

The patient population is limited to male or female persons, 30 years or older, 
30 who present to the Emergency Department with complaints of chest discomfort of less 
than four hours in duration for reasons independent of the study. Patients will be 
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excluded from the study if they meet any of the following criteria: (1) known 
concurrent non-cardiac ischemic disease(s), including but not limited to transient 
ischemic attacks, cerebral vascular accident, peripheral vascular disease, intermittent 
claudication, bowel ischemia, and scvctc renal failure; (2) definite radiological 
5 evidence of a cause of chest discomfort that is other than cardiac ischemia, such as, 
but not limited to, pneumonia, pneumothorax, and pulmonary embolus; or (3) chest 
discomfort temporally related to local trauma. 

All standard evaluation and treatment appropriate for emergency department 
patients with suspected cardiac ischemia will be followed at all times. The drawing of 

1 0 blood for the study will not in any manner modify the standard treatment protocol. 
Within these parameters, a pre-treatment evaluation will be conducted, which will 
include documentation of all current medications, documentation of previous medical 
history, EKG, laboratory and radiographic test results, and documentation of most 
recent vital signs and a physical exammation. 

1 5 The study consists of drawing an extra blood sample at the time of admission 

to the emergency department. Samples are collected from a catheter that is already in 
place for intravenous access or alternatively by venipuncture. Collection and 
administration of the ischemia test is as described in Example S herein. 

20 EXAMPLE? 

Test Method For Detection of Ischemia m Patient at Rest and During Exercise 

The primary objective of this trial was to employ and test the sensitivity of the 
ischemia test at various time points, before, during and after an exercise thallium 

25 treadmill test. Preliminary data has shown that the blood level of the ischemia test 
(i.e., absorbance, cobalt excess metal embodiment) rises inmiediately after an 
ischemic event The purpose of this pilot investigation is to determine the magnitude 
of this rise in level of the ischemia test during a test to delBne the presence or absence 
of a cardiac ischemic event, said test being the exercise thallium treadmill test. While 

30 it is possible that patients scheduled for exercise thallium treadmill test may have 
already experienced an ischemic event, preliminary data indicates that a further. 
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significant decline in cobalt binding (and an increase in the serum absorbance or 
unbound metal ion) will occur if tissue ischemia is induced during the exercise 
thallium treadmill test. 

Patients aheady scheduled for an exercise thallium treadmill test were asked to 
5 give their consent for participation which required two tubes of blood (20 cc's) to be 
drawn up to 5 (five) times before, during and after the exercise thallium treadmill test 
Eligible patients consisted of patients who met all of the following criteria: (1) Age: 
1 8 years or older; (2) Male or female; (3) able to provide written informed consent; 
and (4) referred for exercise thallium treadmill test for reasons independent of this 

10 investigation. Patients were excluded from participation in the study if they met any 
of the following criteria: (1) known concurrent non-cardiac ischemic disease 
including, but not limited to: transient ischemic attacks, cerebral vascular accident, 
acute myocardial infarction and intermittent claudication; (2) inability to complete 
the standard protocol for the exercise portion of the exercise thalliimi treadmill test; or 

1 S (3) cardiac arrest during the exercise portion of the exercise thallium treadmill test. 

Prior to administration of the exercise thallium treadmill test, a pretreatment 
evaluation was conducted which mcluded documentation of all current medications, 
documentation of previous medical history, EKG, laboratory and radiographic test 
results, and documentation of most recent vital signs and physical examination. 

20 The standard exercise thallium treadmill test procedure was followed at all 

times. In no instance was the drawing of the additional blood samples for the purpose 
of the study permitted to subject the patient to additional risk (beyond the drawing of 
blood)» or to in any maimer modify the treatment of the patimt. 

The **standard" exercise thallium treadmill test procedure comprised generally 

25 the following: The patient was brought to the exercise test room in a recently fasting 
state. After initial vital signs and recent history was recorded, the patient was 
connected to a twelve-lead EKG monitor, an intravenous line was established and the 
patient was instructed in the use of a treadmill. With the cardiologist in attendance, 
the patient walked on the treadmill according to the standard Bruce protocol: starting 

30 at a slow pace (approx. 1 .7 mph) and gradually increasing both the percent grade 
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(slope) of the treadmill and the walking speed at three minute intervals up to a 
maximum of 5.5 mph at 20° grade. Termination of the exercise portion on the 
exercise thallium treadmill test occurred at the discretion of the cardiologist based on 
patient symptoms, EKG abnormalities, or the attainment of 6 85% maximal heart rate. 
5 With the patient near maximal effort on the treadmill, approximately 3 mCi of 

thallium^*** was injected intravenously while the patient continued to exercise for 
approximately one more minute. At the end of exercise, single photon emission 
computerized tomography (SPECT) was used to scan the patient's myocardium for 
any perfusion defects. Following recovery, between 2 and 4 hours after exercise, a 

1 0 smaller amount of thallium^°* (approximately 1 .5 mCi) was re-injected for repeat 
SPECT scan. EKG's and SPECT scans were analyzed for ischemic criteria. The 
SPECT scans may show fixed and reversible perfusion defects. The reversible 
perfusion defects indicate ischemia and the fixed defects indicate myocardial scarring. 
The study consisted of dravmig blood samples on 3 occasions during the 

1 5 exercise thallium treadmill procedure. Two tubes of blood (approximately 4 

teaspoons) were collected before the exercise test, immediately after exercise, and 
between 1 and 4 hours after exercise. Blood samples were collected from the catheter 
already in place for the exercise thallium treadmill procedure or altematively by 
venipuncture. Note: Radiation Protection /Safety Considerations - Blood drawn 

20 following thallium^"* injection was routinely considered safe because the amount 

injected was approximately 3 mCi and, for all practical purposes, the dilution into the 
systemic circulation reduces the sample level to less than 0.67 nanoCi per cc. 

Standard patient follow-up was conducted according to clinical practice. 
Patients who had subsequent coronary angiograms after being enrolled in this exercise 

25 thallium treadmill test study had all resultant coronary angiogram information 
obtained recorded to verify the exercise thallium treadmill test results. 

All clinical and research laboratory testing procedures were performed in a 
blinded fashion. 
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Of the 59 patients enrolled (plasma and serum samples tested by the ischemia 
test method), 1 1 patients were deleted because of one of the foUowmg reasons: a 
chronically occluded coronary artery and no sample collected later than one hour after 
exercise, a clinical history of exercise leg pain (claudication), hemolyzed baseline 
5 blood samples, patient did not contmue with the exercise study or did not agree to 
further blood tests, patient received an exercycle thallium test instead of a treadmill 
thallium test and one patient whose chest pain was later determined to be due to 
pneumonia. 

Of the remaining 48 patients, 23 had no history of known ischemic heart 

10 disease, 23 had prior ischemic heart disease requiring angioplasty or coronary artery 
bypass grafts and 2 had prior myocardial infarctions but did not receive angioplasty or 
coronary artery bypass grafts. In the subgroup of 23 patients with no prior history of 
ischemic heart disease (using a total outcome score of > 9 and a > 4.7% increase in 
Ischemia Test values (i.e., absorbance associated with tmbound excess metal ion) 

1 5 either one or three hours after exercise as positive for ischemia) there were 2 true 

positives, 15 true negatives, 6 false positives and 0 false negatives for a sensitivity of 
100% and a specificity of 72%. 

Using the same criteria for positive exercise thallium treadmill and Ischemia 
Test results, the entire 48 patients (including patients with and without a prior history 

20 of ischemic heart disease) had 6 true positives, 29 true negatives, 1 1 false positives 
and 2 false negatives for a sensitivity of 75% and a specificity of 73%. 

Changing the positive criteria to a total thallium treadmill outcome score of ^ 
10 and a ^ 5.4% inorease in Ischemia Test values one hour after exercise for the entire 
48 patients (including patients with and without a prior history of ischemic heart 

25 disease) gave 3 true positives, 37 true negatives, 7 false positives and 1 false negative 
for a sensitivity of 75% and a specificity of 88%. 
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EXAMPLES 
Assessing Efficacy of an Angioplasty Procedure 

Percutaneous transluminal coronary angioplasty ("PICA"), also referred to as 
coronary artery balloon dilation or balloon angioplasty, is an established and effective 
5 therapy for some patients with coronary artery disease. PTCA is an invasive 
procedure in which a coronary artery is totally occluded for several minutes by 
inflation of a balloon. The inflated balloon creates transient but significant ischemia 
in the coronary artery distal to the balloon. The result, however, is a widening of a 
narrowed artery. 

1 0 PTCA is regarded as a less traumatic and less expensive alternative to bypass 

surgery for some patients with coronary artery disease. However, in 25 to 30 percent 
of patients, the dilated segment of the artery renarrows within six months after the 
procedure. In these cases, either repeat PTCA or coronary artery bypass surgery is 
required. Additionally, complications from angioplasty occur in a small percentage of 

15 patients. Approximately, 1 to 3 percent of PTCA patients require emergency coronary 
bypass surgery following a complicated angioplasty procedure. 

The present invention addresses both problems by providing a means for 
monitoring on-going angioplasty procedures and by providing a mechanism for 
monitoring the post-angioplasty status of patients. 

20 Twenty-eight patients already scheduled for emergent or elective angioplasty 

had blood samples (20 ml) drawn just prior to undergoing PTCA ("baseline") at 6, 12 
and 24 hours after the last balloon deflation, and three tubes (25ml) at 1 minute and 6 
minutes after the last balloon deflation. Collection and administration of the test was 
as described in Example 5 herein. A detailed description of the angioplasty procedure 

25 was also recorded so the magnitude of 'downstream* ischemia could be estimated. 
This included catheter size, number of inflations, inflation pressure, duration of 
inflation, number of vessels involved and location. 

The eligible patient population consisted of male or female patients who met 
all of the following criteria: (1) 18 years or older; (2) referred for PTCA for reasons 

30 independent of the study; (3) able to give written, informed consent; and (4) and did 
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not possess any of the exclusionary criteria. Patients were excluded if they met any of 
the following criteria: (1) patients who were to have PICA performed with a 
perfusion catheter; (2) patients with known, concurrent ischemic disease including, 
but not limited to transient ischemic attacks, cerebral vascular accident, acute 
5 myocardial infarction and intermittent claudication. Prior to PTCA, a pretreatment 
evaluation was conducted which included documentation of all concurrent 
medications and the taking of a blood sample for ischemia test administration and 
baseline (this occurred after the patient had been heparinized and the sheath placed). 
The standard PTCA protocol was followed at all times. In no instance was the 

10 drawing of the additional tubes of blood permitted to subject the patient to additional 
risk (beyond the drawing of the blood), or modify the standard protocol 

The "standard" PTCA protocol generally comprised the following: The 
patient was transported to the cardiac catheterization laboratory in the fasting state. 
The right groin draped and prepped in the usual sterile fashion. Local anesthesia was 

15 administered consisting of 2% lidocaine injected subcutaneously and the right femoral 
artery entered using an 1 8 gauge needle, and an 8 French arterial sheath inserted over 
a guide wire usmg the modified Seldinger technique. Heparin, 3000 units, was 
administered LV. Left coronary cineangiography was performed using Judkins left 4 
and right 4 catheters, and left ventricular cineangiography performed using the 

20 automated injection of 30 cc of radiocontrast material in the RAO projection. After 
review of the coronary angiography, PTCA was performed. 

The diagnostic cardiac catheter was then removed fix)m the femoral sheafh and 
exchanged for a PTCA guiding catheter which was then positioned in the right or left 
coronary ostia. An additional bolus of intravenous heparin, 10,000 units, was 

25 administered. A coronary guidewire, usually a 0.014 inch flexible tipped wire, was 
then advanced across the obstruction and positioned distally in the coronary artery. 
OvOT this guidewire, the balloon inflation system was inserted, usually consisting of a 
"monorail" type balloon dilation catheter. Sequential balloon inflations were made, 
with angiographic monitoring between inflations. The duration of the inflations 
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varied among operators, but averaged approximately 45 - 60 seconds; occasionally 
prolonged inflations between 3 and IS minutes were performed. 

When it was determined that adequate opening of the coronary stenosis had 
been achieved, the balloon catheter was fully withdravm and coronary angiograms 

5 performed with and without the guidewire in position. If no further intervention was 
believed to be necessary, flie sheath was then sewn into position and the patient 
transported to either the intensive care unit or observation unit. The sheath was 
removed after approximately 6 hours and firm pressure applied with a C clamp or 
manual pressure. The patient remained at bed rest for approximately 6 hours after 

10 sheath removal. 

Standard patient follow up was conducted according to clinical practice. 
As stated, sample collection and administration of the ischemia test occurred 
essentially as described in Example 5 herein. The test technician was masked to the 
time the PTCA sample was taken. 

1 5 Compared to baseline, 26 of the 28 tested patients demonstrated increased 

ischemia values after balloon inflation. The remaining two patients registered false 
negatives, both of which started with baseline values above .400. The mean increase 
in the ischemia test value from baseline to balloon inflation was 1 5.2%. Of the 21 
patients that had 5 hour samples tested, all but three demonstrated a decreased 

20 ischemia test value compared to that measured during balloon inflation. Study results 
demonstrated that the ischemia test marker rises almost immediately following 
controlled onset of ischemia during the angioplasty procedure. The rapid rise of the 
marker dxiring balloon inflation and its descent over a five hour period correlated with 
the controlled start and stop of ischemia. The diagnostic accuracy of the study was 96 

25 percent. 

EXAMPLE 9 

Evaluation of Post-Mvocardial Infarction Patients 

In a second study, three subsets of patients *- patients without acute 
30 myocardial infarction (NonAMI), patients with acute myocardial infarction (AMI), 
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and patients without AMI with significant collateral circxilation (NonAMI collateral) - 
- all of whom were undergoing emergent or elective angioplasty had blood samples 
collected prior to PTCA, immediately after balloon deflation, 6 hours after the 
procedure, and 24 hours after the procedure. A total of 63 patients were tested. The 
5 standard PTCA protocol (as described in Example 8) was followed. 

During PTCA, blood was drawn into a syringe and then transferred to sodium- 
heparinized tubes. Post PTCA samples were drawn into green top sodium- 
heparinized tubes. In all other regards, sample collection and administration of the 
ischemia test occurred essentially as described in Example 5 herein. The test 

1 0 technician was masked to the time the PTCA sample was taken. 

The ischemia test was considered positive if it increased between baseline and 
unmediately after balloon angioplasty. The results of the study showed a statistically 
significant rise (p=0.0001) in the ischemia test marker following balloon angioplasty 
and a return to baseline within 24 hours. The mean percent increase for all patients in 

15 the study was 9.4%. . 
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A side branch occlusion ("SBO") occurs when, as a result of balloon inflation, 
a side artery becomes obstructed, causing loss of blood flow and ischemia distal to the 
occlusion. Patients with side branch occlusion (SBO) were predicted to have more 
1 0 ischemia than those without. Patients were assigned to the SBO subset if their 
cardiologist indicated they had significant SBO. 

Study results showed significantly higher ischemia test values immediately 
after and 6 hours after PTCA in patients with SBO. The following data includes 
patients in all study subsets. The number of patients varies because investigators were 
15 not always able to obtain blood samples at all four dmw times. 
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EXAMPLE IQ 

25 Assessment of the Patencv of In-situ Co ronary Stent 

Coronary stents may be inserted during angioplasty and left in place on a 
permanent basis in order to hold open the artery and thus improve blood flow to the 
heart muscle and relieve angina symptoms. Stent insertion consists of the insertion of 
a wire mesh tube (a stent) to prop open an artery that has recently been cleared using 

30 angioplasty. The stent is collapsed to a small diameter, placed over an angioplasty 
balloon catheter and moved into the area of the blockage. When the balloon is 
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inflated, the stent expands, locks in place and forms a rigid support to hold the artery 
open. 

Stent use has increased significantly in just the past year, and is now used in 
the vast majority of patients, sometimes as an alternative to coronary artery bypass 
5 surgery. A stent may be used as an alternative or m combination with angioplasty. 

Certain features of the artery blockage make it suitable for using a stent, such as the 
size of the artery and location of the blockage. It is usually reserved for lesions that do 
not respond to angioplasty alone due to the reclosure of the expanded artery. 

In certain selected patients, stents have been shown to reduce the renarrowing 
10 that occurs in 30-40 percent of patients following balloon angioplasty or other 

procedures using catheters. Stents are also useful to restore normal blood flow and 
keep an artery open if it has been torn or injured by the balloon catheter. 

However, reclosure (referred to as restenosis) is a common problem with the 
stent procedure. In recent years doctors have used stents covered with drugs that 
1 5 interfere with changes in the blood vessel that encourage reclosure. These new stents 
have shown some promise for improving the long-term success of this procedure. 
Additionally, after a stent procedure has been done, patients are often placed on one or 
more blood thinning agents such as aspirin, Ticlopidine and/or Coumadin in order to 
prevent or prolong reclosure. Whereas aspirin may be used indefinitely; the other two 
20 drugs are used only for four to six weeks. 

The present invention provides a mechanism for monitoring the functioning 
and patency of an in situ stent. 

Stent patency was tested in the same study and same patient group in which 
post-myocardial infarction patients were studied (see Example 9). The study results 
25 showed significantly lower ischemia test values inunediately after and 6 hours after 
PTCA for those patients with stents. The following data includes patients m the 
NonAMI subset only. The number of patients varies because investigators were not 
always able to obtain blood samples at all four draw times. 
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% CHANGE FROM 


WITH STENT 


WITHOUT STENT 


t-test 


BASELINE 


N 


Mean 


SD 


N 


Mean 


SD 


p 


Immed Post PICA 


37 


.089 


.105 


4 


.210 


.117 


.0373 


6 hrs Post PTCA 


36 


.009 


.139 


3 


.243 


.153 


.0087 


24 hrs Post PTCA 


26 


.022 


.080 


1 


.071 


NA 


NA 



EXAMPLE 11 

Diagnosis and Assessment of Arrhythmic /Dvsrhvthmic Patients 

1 0 The present invention provides a rapid method for assessing arrhythmias and 

diagnosing and measuring dysrhythmias. 

Rapid assessment and treatment of arrhythmias is key to a successful outcome: 
if treated in time, ventricular tachycardia and ventricular fibrillation can be converted 
into normal rhythm by administration of an electrical shock; alternatively, rapid heart 

1 5 beating can be controlled with medications which identify and destroy the focus of the 
rhythm disturbances. If an arrhythmia is not promptly diagnosed and treated, a stroke 
may be the likely resuh. Arrhythmia prevents the heart from fully pumpmg blood out 
of the heart chambers; the undisgorged blood remaining in the heart chamber will 
pool and clot. If a piece of the blood clot in the atria becomes lodged in an artery in 

20 the brain, a stroke results. About 15 percent of strokes occiir in people with atrial 
fibrillation. 

Traditionally, electrocardiography, also called ECG or EKG, is used to 
diagnosis the occurrence of an aniiythmia. (Also utilized are the "12 lead EKG" and 
signal-averaged electrocardiogram (S.A.E,C.G.), the S.A.E.C.G. to identify people 

25 who have the potential to experience a dangerous ventricular arrhythmia and the " 12 
lead EKG" primarily in people undergoing arrhythmias.) However, all of the 
electrocardiographic tests yield frequent false positive and false negative results. The 
present invention provides a method for supplementing all of the aforementioned 
electrocardiographic tests in order to reduce, if not avoid entirely, the firequency of 

30 false positive and false negative diagnoses. 
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Other diagnostics techniques typically used are invasive and thus possess 
greater risk. For instance, transesophageal echocardiography (T.E.E.) is an imaging 
procedure, in which a tube with a transducer on the end of it is passed down a person's 
throat and into the esophagus; images from TEE can give very clear pictures of the 
5 heart and its structures. Cardiac catheterization is another invasive procedure which 
allows for measurement and viewing of the pumping ability of the heart muscle, the 
heart valves and the coronary arteries. The shortcoming of these procedures, 
however, lies in their invasive nature. 

The present invention provides a non-invasive method for diagnosis and 

10 measurement of dysrhythmias which can be used in lieu of, or in supplementation of, 
the aforementioned invasive procedures. 

Patients with dysAythmias undergoing PTCA were predicted to have more 
ischemia than those without. (Dysrhythmia is cited in the medical literature as a good 
mdicator of ischemia.) In the 63 patient study detailed in Examples 9 and 10, patients 

1 5 were additionally assigned to a dysrhythmia subset if their medical record showed 
significant dysrhythmia during PTCA. Study results showed significantly higher 
ischemia test values immediately after and 6 hours after PTCA in patients with 
significant dysrhythmias. The following data includes patients in all study subsets. 
The nmnber of patients varies because investigators were not always able to obtain 

20 blood samples at all four draw tunes. 



% CHANGE FROM 


WITH DYSRHYTHMIA 


W/O DYSRHYTHMIA 


T-TEST 


BASELINE 


N 


Mean 


SD 


N 


Mean 


SD 


P 


Immed Post PTCA 


5 


.265 


.151 


57 


.079 


.103 


.0004 


6 hrs Post PTCA 


5 


.204 


.175 


51 


.035 


.141 


.0150 


24 hrs Post PTCA 


5 


.144 


236 


37 


.017 


.107 


.3000 
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EXAMPLES 12-2-^ 
Use of N-terminus Peptide Probe in the Evaluation of Ischemia 

Under the present invention, a four aniino acid sequence found within the N- 
terminus sequence of albumin is the minimum sequence required for cobalt binding. 
This sequence has been identified as Asp-Ala-His-Lys (abbreviated "DAHK"). The 
binding characteristics of this tetrapeptide have been extensively studied and it has 
been determined that this tetrapeptide may be used to detect the presence of ischemia. 

Specifically, a biological sample containing albumin is contacted with CoClj* 
6H2O. Some ofthis cobalt will bind to albumin. The remauiing fiw cobalt is then 
reacted with a known amount of D-A-H-K R added to the biological sample, wherein 
R is any chemical group or enzyme, including no group at all or a fluorescent group, 
capable of being detected. Because D-A-H-K R has a great affinity to cobalt 
(association constant about 10'^ the free cobalt will attach to it. The D-A-H-K R 
differs firom Co-D-A-H-K R spectroscopically. One distmction is that Co-D-A-H-K R 
has an extinction coefBcient that is 1 .5 to 2 times the peptide alone. This 
phenomenon can be used to determine that the peptide has bound to the cobalt (an 
increase in absorption at 214 nm using HPLC or other methods). 

EXAMPLE 12 

To a 0.2 ml sample of blood or plasma was added 50aeL 0.1 % CoClj. The 
mixture was incubated for 5 to 10 minutes. Thereafter, SOaeL of 1 mg/ml of D-A-H- 
KR was added to the sampte. (R was a polymer or other substance having chemical 
and physical characteristics that changed when the cobalt binds to the peptide - 
causing a small current change or any other change that was detected.) The sample 
was then centrifiiged (Centricon 10 or 3) for 5 minutes, followed by HPLC analysis of 
the filtrate using a ultrahydrogel 120, 5ae column at 60^ C; isocratic run, mobile phase 
acetonitrile: ammonium acetate buffer 30mM pH 8.0, 2:98; at 1 ml/minute and U.V. 
detection at 214 nm. The peptide peak appeared at ~ 5.88 minutes. 
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The same procedure was run with a peptide control (no cobalt). The difference 
in peak size between test (with cobalt) and control (no cobalt) was proportional to the 
amount of free cobalt and hence ischemia. 

The following preliminary experiments illustrate the properties and critical 
5 characteristics of the peptide probe. 



EXAMPLE 13 

Measurement of Cobalt Binding to HSA and Qctapentide using Cold Cobalt Binding 
Assay 

10 

OBJECTIVE: To investigate cobalt bindmg to the octapeptide and human 

serum albumin using cold cobalt binding assay. 

EXPERIMENTAL: Octapeptide synthesized at the Inorganic Chemistry 

Department (BAM 1, Pat Ingrey, Cambridge): NHz-Asp-Ala-His^-Lys^-Ser-Glu-Val- 
15 Ala-C0NH2 

Molecular weight: 855.4 Da. 

SOLUTIONS: CoClj 0. 1 % (w/v) - 4.2 mM; HSA 3% (w/v)(in 75 mM 

HEPES pH 7.4) = 0.45 mM; Octapeptide 0.965 mM (in 75 mM HEPES pH 7.4); 

HEPES 75 mM pH 7.4; DTT 0. 15 % (w/v); NaCl 0.85 % (w/v). 
20 METHOD: Fifty aeL 0.1 % C0CI2 was added to tubes each contaimng 200 aeL 

of 75 mM HEPES pH 7.4 or 0.45 mM HSA in HEPES or 0.965 mM Peptide m 

HEPES; the tubes were allowed to stand at room temperature for 10 minutes; 50 aeL 

DTT 0.1 5 % was added to one tube (test tube) and distilled H2O to the other (control 

tube); the tubes were maintamed for 2 mmutes at room temperature; 1 ml NaCl 0.85 
25 % was then added; the absorbance at A470 nm of the test tube versus the blank was 

measured. 



30 
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RESULTS: 



ID 


A470nm 


mean 
A470 


% bound 


75mMHEPESpH7.4 


1.087 


1.083 


1.085 


0.0 


0.45 mM HSA in HEPES pH 7.4 


0.66S 


0.643 


0.656 


39.5 


0.965 mM Peptide in HEPES pH 
7.4 


0.638 


0.655 


0.647 


40.4 



CONCLUSIONS: Under the conditions used for the binding measurements, 
this experiment showed that: 1 . Cobalt binds to the "octapeptide" (N- Asp-Ala-His*- 
Lys'^-Ser-Glu-Val-Ala); 2. However the octapeptide (0.965 mM) binds cobalt with a 
stoichiometry of 1:2.3. 



EXAMPLE 14 

Mass Spectrometry of Octapeptide after the Addition of Cobalt 

OBJECTIVE: To investigate whether mass spectral study would provide 
molecular weight information for the octapeptide and its corresponding cobalt 
complex. 

SOLUTIONS: Ammonium acetate 20 mM-pH 7.4 (with dilute anraionia 
solution); C0CI22O acM (in HPLC grade H^O); Octapeptide 9.5 aeM (in HPLC grade 
H2O). 

METHOD: 20 aeM CoCl^ (100 ael) was added to 9.5 asM octapeptide (100 ael) 
and mass spectrometry carried out 

RESULTS: The main molecular ion peak was observed at 855.4 Da, with 
minor peaks at 877.4 and 893.4 Da probably as a result of sodium and potassium 
cluster ions. After the addition of cobalt, an extra molecular ion peak was observed at 
912.3 Da. 

CONCLUSIONS: Octapeptide showed a molecular ion at 855 Da consistent 
with the expected molecular weight of the peptide moiety. Octapeptide plus cobalt 
complex showed a molecular ion at 912 Da suggesting that at least two protons are 
removed during the complex formation. 
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EXAMPLE IS 

Spectrophotometric Analysis of the Octapeptide and Qctapeptide-Cobalt Complex 

OBJECTIVE: It is clear from the previous mass spectrometry evidence that 
cobalt forms a complex with the octapeptide with a concomitant loss of two possible 
protons. Metal complexes in general show distinct absorption in the UV range and in 
many cases these complexes show either a hypochromic or a bathochromic shift m the 
spectra. These shifts can be correlated to provide the energy of binding. It was 
therefore anticipated that the octapeptide-cobalt complexation would provide such 
information. 

METHOD: The quartz cuvette contained 800 \il octapeptide + 200 ^il 
H20(control) or CoClj (complex). Spectra were run from 180 to 800 nm on a single 
beam spectrophotometer. 

CONCLUSIONS: Cobalt and octapeptide individually have peak absorbances 
at <200 and 225 nm respectively with little overlap. Following addition of a C0CI2 
solution to octapeptide (1.1:1) there was no significant shift in the (220 nm). The 
absorption band at this region broadened indicating complex formation, but the result 
could not be used to determine the binding energy (constant). 

EXAMPt^E 16 

Mass Spectrometrv of Octapeptide After the Addition of Cobalt 

OBJECTIVE: To investigate whether mass spectral study would provide 
molecular weight information for the peptide and its corresponding cobalt complex. 

METHOD: 20 or 200 »M CoClj (100 ael) was added to 22.9 aeM octapeptide 
(100 ael) to give ratios of cobalt: octapeptide of 1 : 1.1 and 8.7 :1 respectively. Mass 
spectra for the two samples were carried out as per conditions detailed in the previous 
experiment. 

RESULTS: One major molecular ion peak was observed at 855.4 Da 
representing the octapeptide alone. After the addition of 20 aeM cobalt to the 
octapeptide, two peaks were observed, a major peak at 855.3 representmg octapeptide 
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only plus a minor peak at 912.2 Da representing octapeptide-cobalt complex. Peak 
ratio of free octapeptide to octapeptide-cobalt complex was 1 :0.15. A similar profile 
was observed following the addition of 200 ©M cobalt to the octapeptide. Peak ratio 
of free octapeptide to octapeptide-cobalt complex was 1 : 0.9. 
5 CONCLUSIONS: On addition of cobalt (59 Da) to the octapeptide, the 

molecular ion peak should have occurred at 914 Da. The actual peak occurred at 912 
Da, representing the loss of two protons. On addition of increasing concentrations of 
cobalt the peak ratio of free octapeptide to octapeptide-cobalt complex increased. 

10 EXAMPLE 17 

The Effect of Oxveen on the Binding Capacity of Octapeptide for Cobalt 

OBJECTIVE: Previous experiments have highlighted the requirement of 
oxygen in promoting cobalt binding to HSA. It may be anticipated that similar effects 
1 5 could be observed m the manner of cobalt binding to the octapeptide. 

METHOD: Octapeptide-cobalt complex (no oxygen^: HPLC grade HjO 
bubbled with 100 % helium for 10 minutes prior to use and used to prepare the above 
solutions. These were further deoxygenated for 1 0 minutes before adding 200 aeM 
C0CI2 (2 ml) to 22.9 aeM octapeptide (2ml). This mixture was again deoxygenated for 
20 10 minutes prior to analysis by HPLC. 

Octapeptide-cobalt complex (with oxygen^: HPLC grade H^O was bubbled 
with 100 % oxygen for 10 minutes prior to use and used to prepare the above 
solutions. These were further oxygenated for 10 minutes before addmg 200 aeM 
CoCl2,(2 ml) to 22. aeM octapeptide (2ml). This mixture was again oxygenated for 10 
25 minutes prior to analysis by HPLC. 

HPLC Analysis: Chromatography was carried out on a KS437 styrene / DVB 
polymer column (4.6 mm x 150 mm, pore diameter 100-150 A, BioDynamics) under 
isocratic conditions of 2 % acetonitrile in 30 mM Ammonium acetate pH 8.0 at a flow 
rate of 2 ml /min. Peaks were detected at 230 ran. Chromatography gave two 
30 distinct peaks at 230 nm, the first peak representing octsqjeptide-cobalt complex and 
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the second peak representing free octapeptide. Octapeptide-Co^'' complex formed in 
the presence of oxygen gave a higher ratio of complex over free peptide, as indicated 
by the first peak being the larger of the two. Octapeptide-Co^* complex formed in the 
absence of oxygen again gave two peaks but the second peak was now the larger of 
S the two, indicating less complex formation. 

CONCLUSIONS: It would appear that oxygenated conditions enhance cobalt 
binding to the octapeptide. 

EXAMPLE 18 
10 The Effect of dH on the Octanentide 

OBJECTIVE: To optimize chromatography conditions for analysis of 
octapeptide by HPLC. 

METHOD: The octq)eptide was analyzed by HPLC using a KS437 styrene / 
1 5 DVB Polymer colunm (4.6 mm x 1 50 mm, pore diameter 1 00-1 50 A, 'BioDynamics) 
imder isocratic conditions of 2 % acetonitrile in 30 mM Anmionium acetate at pH 6.2, 
7.5 and 8.0 at a flow rate of 2 ml/min. Peaks were detected at 230 nm. 

RESULTS: At pH 6.2, the octapeptide eluted after 1 .6 min. At pH 8.0 the 
retention time had increased to 2.1 min. When the octapeptide was run at pH 7.5, two 
20 peaks were observed at 1 .6 and 2. 1 min. 

CONCLUSIONS: The octapeptide exists in two forms depending on pH. The 
protonated form elutes at pH 6.2, and the deprotonated form at pH 8.0. 

EXAMPLE 19 

25 The Effect of pH on the Binding of Cobalt to the Octapeptide 

OBJECTIVE: It was reported that the peptide peak 'shifted' when a solution of 
cobalt chloride was added to the octapeptide. It was decided to investigate this 
phenomenon fully as this would provide a direct tool for the determination of several 
parameters of cobalt binding to the octapeptide. 
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METHOD: 200 mM CoClj (30 ael) was added to 2.3 mM octapeptide (270 
ael), incubated at room temperature for 10 minutes and analyzed by HPLC. HPLC 
analysis: The octapeptide-cobalt complex was analyzed by HPLC using a KS437 
styrene / DVB polymer column (4.6 mm x 150 mm, pore diameter 100-1 50 A, 
BioDynamics) under isocratic conditions of 2 % acetonitrile in 30 mM Ammonium 
acetate at pH 6.2 and 8.0 at a flow rate of 2 ml / min. Peaks were detected at 230 nm. 

RESULTS: At pH 6.2, a single peak eluted after 1 .6 min in the presence and 
absence of cobalt. At pH 8.0 however a single peak eluted after 1.2 min in the 
presence of cobalt and at 2. 1 min in the absence of cobalt 

CONCLUSIONS: The octapeptide exists in two forms depending on pH. The 
protonated form that elutes at pH 6.2 is unable to bind cobalt and therefore its elution 
profile is unchanged. In contrast, the deprotonated form which exists at pH 8.0 is able 
to bind cobalt, resulting in an increased UV absorption and a decreased retention time, 
1 .2 min as opposed to 2. 1 min for the free octapeptide. 

EXAMPLE 20 

The Titration of Octapeptide with In creasing Concentrations of Cobalt 

OBJECTIVE: To determine whether increasing concentrations of cobalt 
resulted in a corresponding increase in octapeptide-cobalt complex formation. 



METHOD: Octapeptide was used at a fmal concentration of 2.1 mM 
throughout, with increasing concentrations of C0CI2, as shown in the Table below: 



[CoClJCmM) 


Vol C0CI2 


[Octapeptide] 


Vol 


Ratio of 




added (ael) 


(mM) 


octapeptide 


octapeptide: 








added (ael) 


C0CI2 


0 


0 


2.3 


27 


1:0 


1 


3 


2.3 


27 


21:1 
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1.25 


3 


2.3 


27 


16.8:1 


2.25 


3 


2.3 


27 


9.3:1 


4.5 


3 


2.3 


27 


4.7:1 


10 


3 


2.3 


27 


2.1:1 


18 


3 


2.3 


27 


1.2:1 


36 


3 


2.3 


27 


1:1.7 


72 


3 


2.3 


27 


1:3.4 


200 


3 


2.3 


27 


1:9.5 



10 HPLC analysis : The octapq)tide-cobalt complex was analyzed by HPLC 

using a KS437 styrene/DVB polymer column (4.6 mm x 150 mm, pore diameter 100- 
1 50 A, BioDynamics) under isocratic conditions of 2 % acetonitrile in 30 mM 
Ammonium acetate at pH 8.0 at a flow rate of 2 ml/min. Peaks were detected at 230 

15 

RESULTS: Mean % Peak Height: 



Final [CoClJ 
(mM) 


Peak 1 (Octapeptide- Co 
complex) 


Peak 2 
(unknown) 


Peak 3 

(Octapeptide) 


0 




3.72 


96.28 


0.1 


7.44 


7.08 


85.49 


0.125 


9.79 


7.55 


82.66 


0.225 


15.65 


15.66 


68.52 


0.45 


25.36 


19.67 


54.98 


1.0 


58.66 




50.42 


1.8 


61.19 


14.97 


23.85 


3.6 


69.55 


13.69 


16.76 


7.2 


71.49 


14.47 


14.05 


20.0 


82.17 


10.27 


7.56 



30 

From the table immediately i»:eceding, a plot of Log cobalt concentration versus % 
peak height for peak 3 was produced using Prism software. The 50 % bmding 
constant as deduced from the exponential graph had a value of 0.6461 mM. 
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CONCLUSIONS: For 50 % binding, 0.6461 mM Co^* binds to 2.1 mM 
octapeptide. 

Therefore for 100 % binding, 1.2922 mM Co^* binds to 2.1 mM octapeptide. ITie 
stoichiometry of cobalt binding to octapeptide is 0.615 cobalt to 1 octapeptide. 

EXAMPLE 21 

Liquid Chromatopraphv-Mass Spectrometry of Octapeptide After the Addition of 
Cobalt 

OBJECTIVE: To investigate whether mass spectral study would provide 
molecular weight information for the peptide and its corresponding cobalt complex. 

METHOD: 200 mM CoCi2 or HjO (3 asl) was added to 2.3 mM octapeptide 
(27 jxl) and incubated at room temperature for 10 minutes. LC-MS analvsis: Liquid 
chromatography was performed using a KS437 styrene / DVB polymer column (4.6 
mm X 150 mm, pore diameter 100-1 50 A, BioDynamics) under isocratic conditions 
of 2 % acetonitrile in 30 mM Ammonium acetate at pH 8.0 at a flow rate of 0.5 
ml/min. Peaks were detected at 230 nm, and analyzed by on line mass spectrometry. 

RESULTS: In the control sample, two molecular ion peaks were observed at 
855.2 Da, representing the octapeptide alone, and at 877.2 Da, representing an 
octapeptide-sodium cluster. After the addition of 200 mM cobalt, one major peak was 
observed at 9 1 1 . 1 Da. 

CONCLUSIONS: On addition of cobalt (59 Da) to the octapeptide, the 
molecular ion peak should occur at 914 Da. The actual peak occurs at 91 1 Da, 
representing the loss of protons. 

EXAMPLE 22 

Endprotease Lvs-C Digest of Octapeptide and Its Subsequent Incubation with Cobalt 

OBJECTIVE: Previous experiments confirm that C0CI2 forms a stable 
complex with the octapeptide. In order to elucidate the site of attachment, the 
octapeptide was cleaved stereoselectively with the endoprotease Lys-C. The resultant 
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tetrapeptides upon incubation with C0CI2 would allow elucidation of the probable 
binding site. 

METHOD: Octapeptide 1 .97 mg / ml (250 ael) was incubated with the 
endoprotease Lys-C 100 ^ig/ml (50 ael) at a substrate : enzyme ratio of 100 : 1 (w/w) 
in 8.3 mM Tricine, 1.6 mM EDTA pH 8.0 at 37^ C for 24 h. After digestion, 27 ael of 
the product was incubated with 200 mM CoClj (3 ael) at 20° C for 1 0 minutes prior to 
analysis by HPLC. HPLC Analysis: The products from the Lys-C digest were 
analyzed by HPLC using an amino colunm (4.6 mm x 250 mm, pore diameter 100 A, 
BioDynamics-73) under isocratic conditions of 30 mM Ammonium acetate at pH 8.0 
at a flow rate of 1 .5 ml / min. Peaks were detected at 230 nm. 

RESULTS: When the digested Lys-C products were run on HPLC, two peaks 
were observed at 2.6 and 8.9 min, designated tetrapeptides 1 and 2 respectively. 
Similarly after addition of cobalt to the digested products two peaks were again 
observed. However, tetr£5)eptide 1 exhibited an increased UV absorption and 
decreased retention time, eluting at 1 .7 min as opposed to 2.6 min. 

CONCLUSIONS: The octapeptide was digested at the C terminus of the 
lysine residue by the endoprotease yielding two tetrapeptides. On addition of cobalt 
to the endoprotease digested octapeptide, a single tetrapeptide-cobalt complex was 
formed with tetrapeptide 1 . There appeared to be no effect on tetrapeptide 2. 

EXAMPLE 23 

Mass Spectrometry Analysis of the Tetrapeptide 1 -Cobalt Complex 

OBJECTIVE: To determine the identity of tetrapeptide 1 . 

EXPERIMENTAL: Tetrapeptides 1 and 2 were fractionated by HPLC and 
collected. C0CI2 1.2 mM (3 ael) was added to tetrapeptide 1 (27 ael) and incubated at 
room temperature for 10 minutes. Samples were subsequently run on MS as 
described previously. 
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RESULTS: Tetrapeptide 1 gave two molecular ion peaks at 470.1 and 477.1 
Da. Tetrapeptide 2 gave a single peak at 404.0 Da. Tetrapeptide 1 -cobalt complex 
gave two peaks at 477.1 and 526 Da. 

CONCLUSIONS: Tetrapeptide 1 is determined to be Asp-Ala-His-Lys with a 
5 molecular weight of 469 Da. Tetrapeptide 2 is determined to be Ser-Glu-Val-Ala 

(404 Da). Cobalt binds to Asp-Ala-His-Lys forming a complex of 526 Da with a loss 
of 3 protons. The molecular ion peak observed at 477. 1 Da is a contaminant from the 
Lys-C preparation. 

10 EXAMPLE 24 

Manufacture of Calibrator Solutions 

Human albumin solutions of 35 mg/ml contaming cobalt of molar ratios of 0, 
0.4, 0.625, 0.83, 1 .25 and 2.5 to 1 , cobalt:albumin, were made according to the 
1 5 following protocol. 

An albumin solution of 35 mg/ml, Solution A, was made by initially 
dissolving 40 g solid human albumin (Fraction V, Sigma Chemical Co., St. Louis) in 
900 ml 50 mM Tris-Cl, pH7.2, 0.15 NaCl, and assessing albumin concentration with 
bromo cresol green (BCD) assay (Sigma Chemical Co.). Additional buffer was added 
20 to produce an albimiin concentration of 35 mg/ml. This solution was allowed to sit at 
4''C for at least 24 hours prior to use. 

To 500 nd of Solution A, L27 ml 0.32M Co(OAc)2-6H20 (160 mg Co salt/2 
ml H2O) (Sigma Chemical Co.) was added drop-wise with gentle swirling to produce 
a cobalt:albumin molar ratio of L25: 1 , Solution B. This solution was allowed to sit at 
25 room temperature for one hour prior to storage at 4^C until use. 

Different volimies of Solutions A and B were nodxed to produce additional 
calibrator solutions: 



30 
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r^ohalt'AlbiiTnin ratin 


OUiUUi/ll r\y IIU 


ooiunon £3, mi 


0 


200 




0.4 


133 


67 


0.625 


100 


100 


0.83 


67 


133 


1.25 


0 


200 



To make a cobaltralbumin calibrator solution of 2.5:1, 0.94 ml of 0.32M 
Co(OAc)2 was added to 229 ml of Solution A. This solution was permitted to sit at 
1 0 room temperature for one hour and then stored at 4*^0 imtil use. 

EXAMPLE 25 
Quality Control Characterization of Calibrator Solutions 

15 To obtain a cobaltralbumin ratio, one ml aliquots of each of the five calibrator 

solutions (each of which had been in storage for 24 hours prior to testing) was placed 
individually in dialysis bags and dialyzed against 400 ml 50mM Tris-Cl, pH7.2, 
0. 1 5M NaCl, with three changes of buffer at room temperature. Three to 5 \il of the 
dialyzates were withdrawn and analyzed for albumin using 1 ml of the BCG dye from 

20 Sigma Chemical Co. Absorbance was read at 628 nm after 30 seconds. 

Cobalt was assessed by atomic absorption by Galbraith Laboratories, Inc., 
Knoxville, Tn. 

The cobaltralbumin ratios were found to conform to expected values for all 
five calibrator solutions. 

25 



Added Cobalt, Co:albumin 


At equilibrium, Coialbumin 


0.4 


0.16 


0.625 


0.26 
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0.83 


0.31 


1.25 


0.46 


2.50 


0.74 



5 These results indicate that the amount of cobalt bound per albumin molecule 

following dialysis remained proportional to the original metal concentration in the 
calibrator solution, indicating that the metal-cobalt complex is stable. 

EXAMPLE 26 

10 Generating a Standard Curve using Calibrator Solutions 

Aliquots of 200 ^l were withdrawn from each calibrator solution stored at 4°C 
into 12x75 mm borosilicate tubes and allowed to equilibrate to room temperature for 
at least 15 minutes. 

1 5 A standard solution of 0.8% CoCl2-6H20 in H2O had been made by dissolvmg 

0.4 g solid in 500 ml deionized HjO in a 500 ml polystyrene bottle; cobalt 
concentration was confirmed by atomic absorption by Galbraith Laboratories, Inc. 
Fifty |il of 0.8% C0CI2 solution was added to each calibrator solution and gently 
mixed. 

20 A 1 OmM DTT standard solution had been made by equilibrating the bottle of 

DTT (DL-dithiothreitol, Sigma Chemical Co.) to room temperature, weighing 12 mg 
and dissolving same in 8 ml deionized water TTie sulfhydryl content of this solution 
was assessed using Ellman's Reagent, 5,5*-thio-bis(2-nitrobenzoic acid), Sigma 
Chemical Co. Exactly 10 minutes after addition of C0CI2 solution to the calibrator 

25 solutions, 50 ^1 of the 10 mM DTT solution was added, mixed and allowed to react 

for 2 minutes. Substitution of DTT with 50 nl 0.9% NaCl was used as the blank. The 
reaction was quenched by the addition of 1 .0 ml 0.9% NaCl. Absorbance at 470 nm 
on day 1 was read as soon as practicable. Absorbance was read again on days 12, 20 
and 23: 
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Calibrator 


A470 


A470 


A470 


A470 




Uay 1 


uay iz. 


uay zU 


Day 23 


0 


0 26 






n 

u.z/ 


0.4 


0.32 


0.30 


0.28 


0.29 . 


0.625 


0.33 


0.33 


0.31 


0.31 


1.25 


0.39 


0.40 


0.37 


0.37 


2.5 


0.64 


0.60 


0.60 


0.57 



Absorbance was plotted against metal concentration originally present in the 
10 calibrator solution. The plot was found to be substantially linear over the period 
studied. 

EXAMPLE 27 

The NMR Spectra for the Complex of Ni and Albumin N-terminal Amino Acids 
1 5 Addition of cobalt or nickel chloride to the synthetic albumin N-terminus 

octapeptide afforded changes in the appearance of the ^H*NMR spectrum for the 
resonances of the first three amino acid residues, with diagnostic changes of the Ala-2 
methyl doublet at 1 .35 ppm. Titration with NiCl2 gave a sharp diamagnetic 'H-NMR 
spectrum, while addition of C0CI2 induced paramagnetism at the binding site resulting 
20 in significant broadening to the resonances associated with the three residues bound 
around the metal sphere. Figure 4 shows selected regions of the 'H-NMR spectra 
(500 MHz, 10% D2O in HjO, 300K) showing the Ala resonances (Ala-2 and Ala-8) of 
the octapeptide (A) free of any metal, with a Lys-4 methylene resonance appearing 
between the doublets for Ala2 at about 1 .35 ppm and for Ala8 at about 1 .4, (B) with 
25 0.5 equiv. of NiCla added resulting in a shift of the Ni-bound Ala2 doublet to about 

1.3, (C) with 1.0 equiv. of NiClz added, (D) with 0.5 equiv. of CoClj added, and (e) 
with 1 .0 equiv. of C0CI2 added. In all cases, the appearance and chemical shift of the 
resonances attributed to Ser-5, Glu-6, Val-7 and Ala-8 did not change significantly 
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after metal addition (up to one equivalent). All these observations were conserved in 
metal titration experiments with the synthetic tetrapeptide (N-Asp-Ala-His-Lys). 

EXAMPLE 28 

5 U.V. Spectroscopic Evidence of Co Binding to Albumin Pep-12 Peptides 

The albumin N-termmal peptide Asp-Ala-His-Lys-Ser-Glu-Val-Ala-His-Arg- 
Phe-Lys- (Pep 12), was synthesized by Quality Controlled Biochemicals, Inc. both in 
N-acetylated-Asp and free Asp forms, each with free C-termmus. Solutions of 1 
mg/ml of the two peptides were made in Tris 50 mM 0.9% NaCl pH7.2 and analyzed 

10 by UV spectroscopy (Ocean Optics SD 2000 and AIS Model DT 1000 as light 

source). U.V. spectra of Pep-12 and acetylated Pep-12 are set forth in Figs. 5A and 
5B, respectively. Addition of CoClz-eHzO 0.8% (20 \iL of the peptide solution) 
shows a dramatic shift of the X maximum of the peptide peak as well as a major 
increase in the extinction coefBcient for the nonacetylated Pep-12 (Fig. 6A) and no 

1 5 change in the spectrum of the acetylated Pep- 1 2 (Fig. 6B). 

Solutions of Pep-12 and acetylated Pep-12 were made into solutions of 1 
mg/ml m Tris 50 mM NaCl 0.9% pH7.2. Five mixtures of the two starting peptides 
were made: 100% Pep-12, 75:25 Pep-12:AcPep-12, 50:50 Pep-12:AcPep-12, 25:75 
Pep-12:AcPep-12 and 100% AcPep-12. 

20 





1 


2 


3 


4 


5 


Pep-12 1 
mg/ml 


20 ml 


15 


10 


5 


0 


AcPep-12 1 
mg/ml 




5 


10 


15 


20 


+/- CoC12 
0.08% 


20 


20 


20 


20 


20 



Spectral analysis of solutions 1-5 is represented in Fig. 7, from which it can be 
30 seen that Pep-12 binds cobalt, AcPep-12 does not bind cobalt Further, as acetylation 
increases^ cobalt binding goes down. 
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EXAMPLE 29 

U.V. Spectroscopic Evidence of Co Binding to Albumin Pep-10 

Pep-10 was made into 1 mg/ml solutions and incubated with C0CI2 (0.08%). 
Spectral scans were obtained (data not shown). There was no apparent difference in 
S the absorbance after addition of cobalt, indicating that Pep-1 0 does not bind cobalt. 

EXAMPLE 30 

Copper/Cobalt Competition Binding for Albumin Pep-12 

Pep- 12 (20 iiL of 1 mg/ml or 0.014 ^Mol) was mixed with 5 ^L CuClz (0.08% 
10 or 0.023 ^iMol) and 20 jiL C0CI2 0.08% (0.067 (iMol). The U.V. spectral curve is 

shown in Fig. 8A. AcPep-12 (20 \iL of 1 mg/ml or 0.014 nMoI) was also mixed with 

5 nL CuClj (0.08% or 0.023 fxMol) and 20 \iL C0CI2 0.08% (0.067 jiMol), The U.V. 

spectral curve is shown in Fig. 8B. The CuClj was added to Pep-12 and AcPep-12 

before addition of C0CI2. No shift or change occurred by this manipulation. 
IS Pep-12 binds copper and cannot therefore display a shift and increase 

absorbance when cobalt is added. The tails appearing on the peaks in Figs. 8A and 8B 

are due to absorbance of copper in the U.V. range. 

EXAMPLE 31 

20 Enzymatic Acetvlation of N-Terminal Pep-8 and Human Serum Albumir^ 

Human serum albumin (Sigma A-16S3) was incubated at 37''C for 1 h with N- 
acetyl transferase and acetyl Co A, and spectral scans were obtained at various times 
(2-60 minutes). A steady increase at A23S was observed (assuming A235 reflects 
acetylation), reaching a plateau at about 40 minutes (data not shown). 

25 Likewise, Pep-8 (Asp-Ala-His-Lys-Ser-Glu-Val-Ala), was acetylated 

according to the following conditions: 





1 


2 


3 


4 


5 


6 


7 


8 


Pep-8 


250 mL 


250 mL 


250 mL 


250 AiL 










NAT 


50 fjL 






SO/iL 




SOazL 




50 mL 
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AcCoA 


25 


25 mL 






25 






25 /iL 


Buffer 




50 mL 


75 fiL 


25 mL 


300 mL 


275 /iL 


325 


250 mL 


C0CI2 


+/-50 


+/.5O 


+/-50 


+/-50 


+/-50 


+/-50 


+/-50 


+/-50 



5 The Pep-8 was 1 mg/ml in a solution of Tris 50 mM, pH 7.5, 0. 1 5 NaCL The N- 
acetyl-transferase was 10 U/mL (Sigma A426). The acetyl CoA was 10 mg/ml in 
H2O (Sigma A2056). The Buffer was Tris 50 mM, pH 7.5, 0. 1 5 NaCI. After 
completion of the reaction, test tubes were centrifiiged using Centricon (3000 MW 
cutoff) to remove N-acetyl transferase and acetyl CoA which introduce interference in 

10 the U.V. range. The +/- in the final row refers to the fact that the absorbance at 235 

was measured with and without addition of C0CI2. Addition of cobalt did not result in 
a shift of the peak, indicating that the acetylated Pep-8 did not bind cobalt. 

Fig. 9 is the subtracted scan of the centrifiiged acetylated Pep-8, plus reaction 
mixture and cobalt, minus the reaction mixture without the cobalt, showing a peak at 

1 5 about 280 nm, presumably the acetylated Pep-8. 

EXAMPLE 32 

Confirmation of Ni, Co and Co Bmdine to Modified Peptides by ^H-NMR (800 MHzY 
Peptide I: The N-terminal dodecapeptide» Asp-Ala-His-Lys-Ser-Glu-Val-Ala- 

20 His-Arg-Phe-Lys. 

The N-terminal dodecapeptide was titrated with each of cobalt, copper and 
nickel The methyl signals of the two Ala residues (positions 2 and 8) appear at the 
same resonance, namely 1 .3 ppm. Fig. lOA is Peptide 1 at pH 2,55 with no metal* 
Fig. 1 OB is Peptide 1 at pH 7.33 with no metal. Titration witii 0.3 equivalent NiClj at 

25 pH 7.30 is characterized by the appearance of a set of peaks at 1 .25 ppm which is 

characteristic of the methyl of Ala at position 2 (Fig. IOC). After the addition of one 
equivalent of NiClj at pH 7.33, the methyl groups of Ala at positions 2 (1 .3 ppm) and 
8 (1 .25 ppm) are equivalent, showing that the metal binds and that the binding is 
stoichiometric (Fig. lOD). Fig. 10 scans were conducted at 800 MHz, 10% 

30 D20/90%H20(Ala-Me region). 
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The addition of C0CI2 also shows binding but the peaks are broader with a 
shift in the methyl group Ala 2 to 1 .7 ppm (Fig. 1 1). Fig. 1 1 A shows Peptide I's 
Ala2 and Ala8 methyl signals at 1.3 (pH 2.56). Fig. 1 IB shows Peptide 1 at pH 7.45. 
Fig. 1 IC shows widening of the 1 .3 ppm peak as 0.5 equivalent C0CI2 is added at pH 
5 7. 1 1 . Fig. 1 1 D shows a separate peak for Ala2-Me at 1 ,7 ppm with 1 .0 equivalent 
C0CI2 at pH 7.68. Fig. 1 1 scans were conducted at 500 MHz, 10% D20/90% H2O 
(Ala-Me region). 

The addition of CUSO4 causes even more broadening of both methyl groups at 
positions 2 and 8 to the point where, after addition of 1 equivalent of CUSO4, both 
10 signals are lost (Fig. 12). Fig. 12A shows Peptide 1 at pH 2.56 with Ala2 and Ala8 
methyl signals at 1.35 ppm. Fig. 12B shows Peptide 1 at pH 7.54. Fig. 12C shows 
Peptide 1 with a broadening of the signal at 1.35 ppm, due to about 0.5 equivalent 
CUSO4 (pH 7.24). Fig. 12D shows Peptide 1 with about 1 equivalent CUSO4 at pH 
7.27. Fig. 12 scans were conducted at 500 MHz, 10% D20/90% H2O (Ala-Me region). 

15 

Peptide 2: The N-Terminal dodecapeptide, Asp-Ala-His-Lys-Ser-Glu-Val-Ala- 
His-Arg-Phe-Lys, in which the amino group of the N-terminal Asp has been 
acetylated. 

Addition of NiClj to the acetylated derivative does not resuh in binding, i.e., 
20 there is no appearance of additional peaks (Fig. 13). However, addition of even one 
equivalent of NiCl2 broadens the spectrum considerably due to the fact that the nickel 
is free m solution. Fig. 13 A shows Peptide 2 at pH 2.63 with the Ala2 and Ala8 Me 
signals at about 1 .28 ppm. Fig. 13B shows Peptide 2 at pH 7.36. Fig. 13C shows 
Peptide 2 with about 0.5 equivalent NiCla at pH 7.09. Fig. 13D shows Peptide 2 with 
25 about 1 equivalent NiClz at pH 7.20. Fig. 13 scans were conducted at 800 MHz, 10% 
D20/90% Hjd (Ala-Me region). 

Peptide 3: The N-Terminal Unodecapeptide, Ala-His-Lys-Ser-Glu-Yal-AIa-His- 
Arg-Phe-Lys, in which the terminal Asp is missing. 
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The N-terminal residue is Ala and consequently the position of the doublet 
from the methyl group is pH dependent (Fig 14). Addition of NiClj does not result in 
complex formation. Fig. 14A shows Peptide 3 at pH 2.83 with the Ala2 signal at 1 .5 
and the AlaS signal at 1 .3. Fig. 14B shows Peptide 3 at pH 7.15. Fig. 14C shows 
5 Peptide 3 with 0.13 equivalent NiClj at pH 7.28. Fig. 14D shows Peptide 3 with 

about 0.25 equivalent NiClj at pH 7.80. Fig. 14E shows Peptide 3 with 0.5 equivalent 
NiClj at pH 8.30. Fig. 14 scans were conducted at 500 MHz, 10% D20/90% HjO 
(Ala-Me region). 

10 Peptide 4: The N-Terminal decapeptide, His-Lys-Ser-Giu-Val-AIa-His-Arg-Phe- 

Lys, in which Asp- Ala has been removed. 

Upon addition of NiCl2 the spectrum broadens unrecognizably with no 

evidence of binding (Fig. 15). Fig. 15A shows Peptide 4 with an AlaS signal at 1 .8 

ppm at pH 2.72. Fig. 15B shows Peptide 4 at pH 7.30. Fig. 15C shows Peptide 4 
15 with 0.5 equivalent NiClz, pH 8.30. Fig. 15D shows Peptide 4 with about 1 equivalent 

NiCla at pH 8.10. Fig. 15 scans were conducted at 800 MHz, 10% D20/90% HjO 

(Ala-Me region). 

Peptide 5: The nonpeptide, Lys-Ser-Glu-Val-Ala-His-Arg-Phe-Lys, in which the 

20 tripeptide Asp-Ala-His is missing. 

Again there is not much change in the spectrum after addition of 0.3 
equivalents of NiCl2 (Fig. 16C) except for the decrease in peak mtensity and peak 
broadening upon addition of less than 1 equivalent of metal ions (Fig. 16D). There is 
no evidence of metal bmding. Fig. 16A is Peptide 5 at pH 2.90 with the Ala8 signal at 

25 1.3 ppm. Fig. 16B is Peptide 5 at pH 7.19. Fig* 16C is Peptide 5 with 0.3 equivalent 
NiClj, pH 7.02. Fig. 16D is Peptide 5 with about 0.6 equivalent NiClj at pH 7.02. 
Fig. 16 scans were conducted at 500 MHz, 10% D2O/90% HjO (Ala-Me region). 

Peptide 6: The N-terminal tetrapeptide, Asp-AIa-His-Lys. 
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The addition of NiClz (Fig. 17), C0CI2 (Fig. 18) and CUSO4 (Fig. 19) all gave 
diagnostic changes consistent with metal ion binding. The spectra resemble those 
obtained with the dodecapeptide (Peptide 1) and not those obtained with Peptides 2, 3, 
4 and 5. 

Fig. 17A is the N-terminal tetrapeptide at pH 2.49 with an AIa2 signal at 1 .3 
ppm. Fig. 17B is the tetrapeptide at pH 7.44. Fig. 17C is the tetrapeptide with about 
0.8 equivalent NiClj at pH 7.42. Fig. 17D is the tetrapeptide with about 1 equivalent 
NiCl2atpH7.80. 

Fig. 1 8 A is the tetrapeptide at pH 7.44 with the Ala2 peak at 1 .3 ppm. Fig. 
18B is the tetrapeptide with about 0.3 equivalent C0CI2 at pH 7.23. Fig. 18C is the 
tetrapeptide with about 0.8 equivalent CoClj at pH 7.33. 

Fig. 1 9A is the tetrapeptide at pH 7.3 1 with the Ala2 signal at 1 .3 ppm. Fig. 
19B is the tetrapeptide with about 0.5 equivalent CUSO4 at pH 7.26. Fig. 19C is the 
tetrapeptide with about 1.0 equivalent CUSO4 at pH 7.32. 

Figs. 17-19 scans were conducted at 800 MHz, 10% H20/90% DjO (Ala-Me 
region). 

♦ * 4e Ht ♦ 

The above description of the invention is intended to be illustrative and not 
limiting. Various changes or modification in the embodiments described may occur 
to those skilled in the art. These can be made without departing from the spirit or 
scope of the invention. 
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What is claimed is: 

1 • A method for detecting the occurrence or non-occurrence of an ischemic event 
in a patient comprising the steps of: 
5 (a) contacting a biological sample containing albumin from said patient 

with an excess quantity of a metal ion salt, whereby said metal ion binds to the 
N-terminus of naturally occurring human albumin, to form a mixture 
containing bound metal ions and unbound metal ions, 

(b) determining the amount of metal ions bound to the albumin N- 
10 terminus, and 

(c) correlating the amount of bound metal ions to a known value to 
determine the occurrence or non-occurrence of an ischemic event. 

2. The method of claim 1, wherein said sample is serum or plasma. 

15 

3. The method of claim 1, wherein the sample is purified albumin. 

4. The inethod of claim 1 , wherein said metal ion salt is a salt of a metal selected 
from the group consisting of V, As, Co, Cu, Sb, Cr, Mo, Mm, Ba, Zn, Ni, Hg, Cd, Fe, 

20 Pb, AuandAg. 

5 . The method of claim 1 , wherein said metal ion is cobalt. 

6. The method of claim 1 , wherein step (b) is conducted using atomic absorption 
25 spectroscopy, atomic emission spectroscopy or an immunological assay. 

7. The method of claim 6, wherein said immimological assay is conducted using 
an antibody specific to an antigen comprising the compound Asp-Ala-His-Lys-R, 
wherein R is said metal ion. 
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8. The method of claim 6, wherein said immunological assay is conducted using 
an antibody to a human serum albumin-metal complex. 

9. A method of detecting the occurrence or non-occurrence of an ischemic event 
S in a patient comprising the steps of: 

(a) contacting a biological sample containing albumin from said patient 
with a predetermined excess quantity of a salt of a metal selected from the 
group consisting of V, As, Co, Cu, Sb, Cr, Mo, Mn, Ba, Zn, Ni, Hg, Cd, Fe, 
Pb, Au and Ag, to form a mixture containing metal ions bound to the N- 

10 terminus of albumin and imbound metal ions, 

(b) contacting said mixture with an aqueous color forming compound 
solution to form a colored solution, wherein said compoxmd forms color when 
bound to said unbound metal ion, 

(c) determining the color intensity of said colored solution to detect the 

1 S presence of xmbound metal ions to provide a measure of bound metal ions, and 

(d) correlating the amoimt of bound metal ions to a known value to 
determine the occurrence or non-occurrence of an ischemic event. 

1 0. The method of claim 9, wherein said aqueous color forming compoimd 
20 comprises the compound Asp-Ala-His-Lys-R, wherein R is any group capable of 

forming color when bound to said metal ion. 

1 1 . The method of claim 9, wherein said sample is serum or plasma. 
25 1 2. The method of claim 9, wherein said sample is purified albumin. 



13. 



The method of claim 9, wherein said metal ion salt is a salt of cobalt 
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14. A method for ruling-out the existence of ischemia in a patient, wherein said 
patient possesses one or more cardiac risk factors, comprising 

(a) application of the method of claim 1 or 9 to said patient; 

(b) subjecting said patient to an exercise treadmill test followed by a second 
5 application of the same method of claim 1 or 9; 

(b) comparing the results of the two applications of said method. 

15. A method for evaluation of a patient presenting with angina or angina-like 
symptoms to detect the occurrence or non-occurrence of a myocardial infarction, 

10 comprising 

(a) application of the method of claim 1 or 9, 

(b) application of an electrocardiographic test, 

(c) correlating the results of step (a) with the results of said 
electrocardiographic test to determine the occurrence or non-occurrence of a 

1 S myocardial infarction. 

16. A method for supplementing electrocardiographic results to determine the 
occurrence or non-occurrence of an ischemic event, comprising 

(a) application of the method of claim 1 or 9, 
20 (b) application of an electrocardiographic test, and 

(c) correlating Ac results of step (a) with the results of said 
electrocardiographic test to determine the occurrence or non-occurrence of an 
ischemic event. 



25 
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1 7. A method for comparing levels of ischemia in patients at rest and during 
exercise, comprising application of the following steps at designated times: 

(a) application of the method of claim 1 or 9 at a first designated time, 

(b) administration of an exercise treadmill test followed by a second 
application of the same method employed in step (a), 

(c) comparing the results of step (a) with the results obtained in step (b), 

and 

(d) repeating steps (a) and (b) at additional designated times, 
wherein results obtained designated at each designated time are compared. 

1 8. The method of claim 1 7, wherein said designated times are three months, six 
months and one year. 

19. A method for detecting the occxirrence or non-occurrence of an ischemic event 
in a patient comprising the steps of: 

(a) detecting the amount of endogenous copper ions present in a purified 
albumin sample from said patient, and 

(b) correlating the quantity of copper ions present with a known value to 
determine the occurrence or non-occurrence of an ischemic event. 

20. The method of claim 19, wherein said detecting step is conducted using atomic 
absorption spectroscopy, atomic emission spectroscopy or an inununological assay. 

21 . The method of claim 20, wherein said immimological assay is conducted using 
an antibody specific to an antigen comprising the compound Asp-Ala-His-Lys-R, 
wherein R is copper. 

22. The method of claim 2Q, wherein said immunological assay is conducted using 
an antibody to a human serum albumin-copper complex. 
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23. A method for ruling-out the existence of ischemia in a patient, wherein said 
patient possesses one or more cardiac risk factors, comprising: 

(a) applying the method of claim 1 9 to the patient, 

(b) subjectmg said patient to an exercise treadmill test followed by a 
S second application of the method of claim 1 9; 

(b) comparing the results of the two applications of the method of claim 
19. 

24. A method for evaluation of a patient presenting with angina or angina-like 
10 symptoms to detect the occurrence or non-occurrence of a myocardial infarction, 

comprising 

(a) application of the method of claim 1 9, 

(b) application of an electrocardiographic test, 

(c) correlating the results of application of the method of claim 1 9 with the 
1 5 results of said electrocardiographic test to determine the occurrence or non-occurrence 

of a myocardial infarction. 

25. A method for supplementing electrocardiographic results to determine the 
occurrence or non-occurrence of an ischemic event, comprising 

20 (a) application of the method of claim 1 9, 

(b) application of an electrocardiographic test, and 

(c) correlating the results of application of the method of claim 19 with 
the results of said electrocardiographic test to determine the occurrence or non- 
occurrence of an ischemic event. 



25 
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26. A method for comparing levels of ischemia in patients at rest and during 
exercise, comprising application of the following steps at designated times: 

(a) application of the method of claim 1 9 at a first designated time, 

(b) adnwnistration of an exercise treadmill test followed by a second 
5 application of the method of claim 1 9, 

(c) comparing the results of the application of the method of claim 1 9 prior 
to administration of the exercise treadmill test with the results of the application of the 
method of claim 19 after administration of the exercise treadmill test, and 

(d) repeating steps (a) and (b) at additional designated times, 
10 wherein results obtained at said designated times are compared. 

27. The method of claim 26, wherein said designated times are three months, six 
months and one year. 

15 28. A method of detecting or measuring an ischemic event in a patient comprising: 
(a) contacting a patient sample comprising naturally-occurring albumin 
and optionally albumin N-terminal derivatives with an excess quantity of metal ion 
that binds to the N-terminus of naturally-occurring albumin, whereby albimiin-metal 
complexes are formed, 

20 (b) partitioning the complexes firom said derivatives, if any, 

(c) measuring at least one of said derivatives, if any, and 

(d) comparing said measured derivative to a known value, vdiereby the 
ischemic event may be detected or measured. 

25 29. The method of claim 28 wherein said metal is Ni or Co. 

30. The method of claim 28 wherein said metal of step (a) is bound to a solid 
support and said partitioning step (b) comprises separating said derivatives firom the 
solid support to which the metal is bound. 
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3 1 . The method of claim 28 wherein said metal of step (a) is in solution and said 
partitioning step (b) comprises contacting said complexes with an antibody to the 
albumin-metal complex, said antibody being bound to a solid support. 

5 32. The method of claim 28 wherein said measuring step (c) comprises contacting 
said derivative with an antibody to the derivative. 

33. A method for detecting or measuring an ischemic event in a patient 
comprising: 

10 (a) contacting a patient sample comprising naturally-occurring albimiin 

and optionally albumin N-terminal derivatives with an excess of a metal ion, whereby 
a albumin-metal complex is formed, 

(b) contacting the mixture of step (a) with an antibody to said complex, 
said antibody being boimd to a solid support, 

1 5 (c) separating the complex from said N-teiminal derivatives, if any, 

(d) measuring the amount of at least one N-terminal derivative, if any, and 

(e) comparing the measured N-terminal derivative to a known value, 
whereby an ischemic event may be detected or measured. 

20 34. The method of claim 33, wherein the metal ion is cobalt ion. 

35. The method of claim 33, wherein said measuring step (d) comprises contacting 
the derivative with an antibody. 



25 
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36. An immunoassay diagnostic kit for an ischemic event comprising: 
an excess quantity of a metal ion to mix with a patient sample which 

comprises naturally-occurring albumin and optionally albumm N-terminal derivatives, 
said naturally-occurring albumin forming a complex with said metal ion, 
5 a first elongated solid support having a first and a second end, said first end 

having a filter for application of said patient sample mixture, an area of immobilized 
antibody to said albumin-metal complex between the first end the second end, and an 
area of immobilized ligand to albumin proximate the second end, 

whereby after application of said mixture of patient sample and metal ion to 
10 said filter, said albumin-metal complex is immobilized at said area of immobilized 
antibody, and said albumin N-terminal derivatives migrate and bind to the albumin 
ligand proximate the second end. 

37. The kit of claim 36, wherein said metal ion is cobalt ion. 

15 

38. The kit of claim 36, further comprising an end of process indicator at the 
second end of said solid support. 

39. The kit of claim 36, further comprising a second elongated solid support 
20 having a first and second end, said second support first end sharing said filter for 

application of said patient sample mixture with said first elongated si:q)port, and 
having an area of immobilized ligand to albumm between the first and second ends, 
said second support serving as a control. 

25 40. The kit of claim 39, further comprising an end of process indicator at the 
second end of said second solid support. 
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41 . An immunoassay diagnostic kit for an ischemic event comprising: 

a circular solid support comprising an interior filter circle surroimded by an 

inner concentric ring and an outer concentric ring, wherein 

said itmer filter circle is for application of a patient sample comprising 
5 naturally-occurring albumin and optionally albumin N-terminal derivatives, said 

sample having been mixed with an excess quantity of a metal ion, whereby an 

albtmiin-metal complex has been formed, 

said inner concentric ring is divided into a first and second half, said first half 

containing a ligand to said albumin-metal complex, and 
10 said outer concentric ring is divided into a first and second half, each said 

outer ring halves aligned with the inner ring halves, and each said outer ring halves 

containing ligands to a non N-terminus epitope of naturally-occurring albumin and to 

albumin N-terminal derivatives. 

15 42. An immunoassay diagnostic kit for an ischemic event comprising: 

a circular solid support comprising an inner filter circle surrounded by a 
concentric ring, wherein 

said inner filter circle is for application of a patient sample comprising 
naturally-occurring albumin and optionally albumin N-terminal derivatives, said 
20 sample having been mixed with an excess quantity of a metal ion, whereby an 
albumin-metal complex has been formed, and 

said concentric ring is divided into a first and a second half, said first half 
having a ligand to the albumin-metal complex, and the second half having ligands to 
a non N-terminus epitope of naturally-occurring albumin and to albumin N-terminal 
25 derivatives. 
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43. A method of detecting or measuring an ischemic event in a patient comprising: 

(a) contacting a patient sample comprising naturally-occurring albumin 
and optionally albumin N-terminal derivatives with an excess quantity of a metal ion 
bound to a solid support, whereby the metal ion binds to the N-terminxis of naturally- 

5 occurring albumin, forming albumin-metal complexes, 

(b) separating the complexes from said derivatives, if any, 

(c) measuring at least one of said derivatives, if any, and 

(d) comparing said measured derivative to known value, whereby the 
ischemic event may be detected or measured. 

10 

44. The method of claim 43 wherein the metal ion is nickel ion. 

45. The method of claim 43 wherein the solid support is a diacetate or a 
phosphonate matrix. 

15 

46. The method of claim 43 wherein said measuring step (c) comprises contacting 
said derivative with an antibody to the derivative. 

47. A metal affinity diagnostic kit for an ischemic event comprising: 

20 a first elongated solid support having a first and a second end, said first end 

having a filter for application of a patient sample, an area of immobilized metal ion 
between the first and the second end, and an area of immobilized ligand to naturally- 
occurring albumin or albumin N-tenninal derivatives proximate the second end. 

25 48. The kit of claim 47, wherein said immobilized metal is nickel. 

49. The kit of claim 47, further comprising an end of process indicator at the 
second end of said first solid support. 
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50. The kit of claim 47, further comprising a second elongated solid support 
having a first and second end, said second support first end sharing said filter for 
application of said patient sample with said first solid support, and having an area of 
immobilized ligand to naturally-occurring albumin and albumin N-terminal 

5 derivatives proximate the second end, said second support serving as a control. 

5 1 . The kit of claun 50, further comprising and end of process indicator at the 
second end of said second solid support. 

10 52, A monoclonal antibody directed to an epitope at the N-terminus of the albumin 
N-terminal derivative which lacks the four N-terminal amino acids of SEQ. ID. NO. 1. 

53. A monoclonal antibody directed to an epitope at the N-terminus of the albumin 
N-terminal derivative which lacks the three N-terminal amino acids of SEQ. ID. NO. 

15 1. 

54. A monoclonal antibody directed to an epitope at the N-terminus of the albumin 
N-terminal derivative which lacks the two N-terminal amino acids of SEQ. ID. NO. 

1, 

20 

55. A monoclonal antibody duected to an epitope at the N-terminus of the albumin 
N-terminal derivative which lacks the N-terminal amino acid of SEQ. ID NO. 1 . 



25 



56. A monoclonal antibody directed to an epitope at the N-terminus of SEQ. ID 
NO. 2. 
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57. A calibrator composition comprising a predetermined molar ratio of naturally- 
occurring albumin and a metal that complexes to the N-terminus of said albumin, 
whereby complexed albumin and imbound albumin form when said composition is in 
aqueous solution, wherein said ratio is between 0. 1 : 1 and 1 :0. 1. 

5 

58. The composition of claim 57 vsdierein said metal is selected from the group 
consisting of Cu, Ni and Co. 

59. The composition of claim 57 wherein the predetermined ratio of albumin to 
10 metal is 3:1. 

60. The composition of claim 57 wherein the predetermined ratio of albimiin to 
metal is 1:3. 

15 61 . The composition of claim 57 vsdierein the predetermined ratio of albumin to 
metal is 1:1. 

62, A method of calibrating an analyzer that detects or measures an ischemic event 
according to the method of claim 1 , comprising the step of: 
20 applying the calibrator solution of claim 57 to the analyzer to determine the 

amount of metal ions bound to the albumin N-temiinus, whereby the predetermined 
ratio of albumin to metal serves as a standard for calibration. 



25 
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63. A method of calibrating an analyzer that detects or measures an ischemic event 
according to the method of claim 15, comprising the steps of: 

(a) mixing the calibrator composition solution of claim 57 with a 
predetermined amount of an excess metal salt, whereby said unbound albumin binds 
to said excess metal ion, generating unbound metal ions, 

(b) contacting the mixture of step (a) with color forming solution to form a 
colored solution, 

(c) applying the mixture of step (b) to the analyzer, whereby the 
predetermined ratio of albimiin to metal serves as a standard for calibration. 

64. A method of calibrating an analyzer that detects or measures an ischemic event 
according to the method of claim 19, comprising the step of: 

applying tiie calibrator solution of claim 57 wherein the metal is copper to the 
analyzer to determine the amount of copper ions bound to the albimiin N-terminus, 
whereby the predetermined ratio of albumin to copper serves as a standard for 
calibration. 
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AMENDED CLAIMS 

[received by the International Bureau on 29 February 2000 (29.02.00); 
original claims 52-56 and 63 amended; new claims 65-76 added; 
remaining claims unchanged (4 pages)] 

50. The kit of claim 47, further comprising a second elongated solid support having a first 
and second end, said second support first end sharing said filter for application of said patient 
sample with said first solid support, and having an area of immobilized ligand to naturally- 
occurring albumin and albumin N-terminal derivatives proximate the second end, said second 
support serving as a control. 

51 . The kit of claim 50, further comprising and end of process indicator at the second end 
of said second solid support. 

52. A ligand directed to an epitope at the N-terminus of the albumin N-lerminal derivative 
which lacks the four N-terminal amino acids of SEQ. ID. NO. 1 . 

53. A ligand directed to an epitope at the N-terminus of the albumin N-terminal derivative 
which lacks the three N-terminal amino acids of SEQ. ID. NO. 1 . 

54. A ligand directed to an epitope at the N-terminus of the albumin N-terminal derivative 
which lacks the two N-terminal amino acids of SEQ. ID. NO. 1 . 

55. A ligand directed to an epitope at the N-terminus of the albumin N-terminal derivative 
which lacks the N-terminal amino acid of SEQ. ID NO. 1. 

56. A ligand to an epitope at the N-terminus of SEQ. ID NO. 2. 
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63. A method of calibrating an analyzer that detects or measures an ischemic event 
according to the method of claim 9, comprising the steps of: 

(a) mixing the calibrator composition solution of claim 57 with a predetermined 
amount of an excess metal salt, whereby said unbound albumin binds to said excess metal 
ion, generating unboimd metal ions, 

(b) contacting the mixture of step (a) with color forming compound to form a 
colored solution, and 

(c) applying the mixture of step (b) to the analyzer, whereby the predetermined 
ratio of albumin to metal serves as a standard for calibration. 

64. A method of calibrating an analyzer that detects or measures an ischemic event 
according to the method of claim 19, comprising the step of: 

applymg the calibrator solution of claim 57 wherein the metal is copper to the 
analyzer to determme the amount of copper ions bound to the albumin N-terminus, whereby 
the predetermined ratio of albumin to copper serves as a standard for calibration. 

65. A method of detecting an albumin N-terminal derivative which lacks four N-terminal 
amino acids of SEQ. ID. NO. 1, comprising contacting a sample comprising said derivative 
with the ligand of claim 52. 

66. A method of detecting an albumin N-terminal derivative which lacks three N-terminal 
amiiio acids of SEQ. ID. NO. 1 , comprising contacting a sample comprising said derivative 
with the ligand of claim 53. 

67. A method of detecting an albumin N-terminal derivative which lacks two N-terminal 
amino acids of SEQ. ID. NO. 1, comprising contacting a sample comprising said derivative 
with the ligand of claim 54. 

68. A method of detecting an albumin N-terminal derivative which lacks an N-terminal 
ammo acid of SEQ. ID NO. 1, comprising contacting a sample comprising said derivative 
with the ligand of claim 55. 
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69. A method of detecting an albumin N4enninal derivative which is acetylated at its N- 
terminal Asp residue (SEQ. ID. NO. 2), comprising contacting a sample comprising said 
derivative with the ligand of claim S6. 

70. A diagnostic kit for an ischemic event comprising: 

a circular solid support comprising an interior filter circle surrounded by an inner 
concentric ring and an outer concentric ring, wherein 

said inner filter circle is for application of a patient sample comprising naturally- 
occuning albumin and optionally albumin N-tenninal derivatives, 

said inner concentric ring is divided into a first and second half, said first half 
containing an excess amount of bound metal ion to bind to the N-terminus of said naturally- 
occurring albumin, and 

said outer concentric ring is divided mto a furst and second half, each said outer ring 
halves aligned with the inner ring halves, and each said outer ring halves containing ligands 
to a non-N-terminus epitope of naturally occurring albumin and to albumin N-tenninal 
derivatives. 

71 . A diagnostic kit for an ischemic event comprising: 

a circular solid support comprising an inner filter circle surrounded by a concentric 
ring, wherein 

said inner filter circle is for application of a patient sample comprising naturally- 
occurring albimiin and optionally albumin N-tenninal derivatives, 

said concentric ring is divided into a first and second half, said first half having an 
excess amount of boimd metal to bind to the N-terminus of naturally-occurring albumin, and 
the second half having ligands to a non-N-terminus epitope of naturally-occurring albimiin 
and to albimiin N-terminal derivatives. 

72. A calibrator composition comprising a predetennined molar ratio of naturally- 
occurring albumin and albumin N-terminal derivatives, wherein said ratio is between 0.1:1 
and 1:0.1. 
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73. The calibrator composition of claim 72 wherein the molar ratio of naturally-occurring 
albumin to albumin N-terminal derivatives is 3: 1 . 

74. The calibrator composition of claim 72 wherein the molar ratio of naturally-occurring 
albumin to albumin N-terminal derivatives is 1 :3. 

75. The calibrator composition of claim 72 wherem the molar ratio of naturally-occurring 
albimiin to albumin N-terminal derivatives is 1 : 1 . 

76. A method of calibrating an analyzer that detects or measures an ischemic event 
according to the method of claim 9 comprising the steps of: 

(a) mixing the calibrator composition of claim 72 with a predetermined amoimt of 
an excess metal salt, whereby naturally-occxirring albumin binds to said excess metal ion, 
generating unbound metal ions, 

(b) contacting the mixture of step (a) with a color forming compound to fonn a 
colored solution, 

(c) applying the mixture of step (b) to the analyzer, whereby the predetermined 
ratio of naturally-occurring albumin to albumin N-temiinal derivatives serves as a standard 
for calibration. 
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SEQUENCE LISTING 

<110> Bar-Or M.D., David 
Lau Ph . D . , Edward 
Winkler M.D., James V. 

<120> Tests for the Rapid Evaluation of Ischemic States and 
Kits 

<130> ISC007 

<140> PCT/US99/ 

<141> 1999-10-01 

<150> 60/115,392 
<151> 1999-01-11 

<150> 60/102,738 
<151> 1998-10-02 

<150> 09/165,926 
<151> 1998-10-02 

<150> 09/165,581 
<151> 1998-10-02 

<160> 2 

<170> Patentin Ver. 2.0 

<210> 1 

<211> 585 

<212> PRT 

<213> Homo sapiens 

<400> 1 

Asp Ala His Lys Ser Glu Val Ala His Arg Phe Lys Asp Leu Gly Glu 
15 10 15 

Glu Asn Phe Lys Ala Leu Val Leu lie Ala Phe Ala Gin Tyr Leu Gin 
20 25 - 30 

Gin Cys Pro Phe Glu Asp His Val Lys Leu Val Asn Glu Val Thr Glu 
35 40 45 

Phe Ala Lys Thr Cys Val Ala Asp Glu Ser Ala Glu Asn Cys Asp Lys 
50 55 60 
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Ser Leu His Thr Leu Phe Gly Asp Lys Leu Cys Thr Val Ala Thr Leu 
65 .70 75 80 

Arg Glu Thr Tyr Gly Glu Met Ala Asp Cys Cys Ala Lys Gin Glu Pro 
85 90 95 

Glu Arg Asn Glu Cys Phe Leu Gin His Lys Asp Asp Asn Pro Asn Leu 
100 105 110 

Pro Arg Leu Val Arg Pro Glu Val Asp Val Met Cys Thr Ala Phe His 
115 120 125 

Asp Asn Glu Glu Thr Phe Leu Lys Lys Tyr Leu Tyr Glu lie Ala Arg 
130 135 140 

Arg His Pro Tyr Phe Tyr Ala Pro Glu Leu Leu Phe Phe Ala Lys Arg 
145 150 155 160 

Tyr Lys Ala Ala Phe Thr Glu Cys Cys Gin Ala Ala Asp Lys Ala Ala 
165 170 175 

Cys Leu Leu Pro Lys Leu Asp Glu Leu Arg Asp Glu Gly Lys Ala Ser 
180 185 190 

Ser Ala Lys Gin Arg Leu Lys Cys Ala Ser Leu Gin Lys Phe Gly Glu 
195 200 205 

Arg Ala Phe Lys Ala Trp Ala Val Ala Arg Leu Ser Gin Arg Phe Pro 
210 215 220 

Lys Ala Glu. Phe Ala Glu Val Ser Lys Leu Val Thr Asp Leu Thr Lys 
225 230 235 240 

Val His Thr Glu Cys Cys His Gly Asp Leu Leu Glu Cys Ala Asp Asp 
245 250 255 

Arg Ala Asp Leu Ala Lys Tyr He Cys Glu Asn Gin Asp Ser He Ser 
260 265 270 

Ser Lys Leu Lys Glu Cys Cys Glu Lys Pro Leu Leu Glu Lys Ser His 
275 280 285 

Cys He Ala Glu Val Glu Asn Asp Glu Met Pro Ala Asp Leu Pro Ser 
290 295 300 



Leu Ala Ala Asp Phe Val Glu Ser Lys Asp Val Cys Lys Asn Tyr Ala 
305 310 315 320 



2 



SUBSnrUTE sheet (rule 2B) 



wo 00/20840 



PCT/US99/22905 



Glu Ala Lys Asp Val Phe Leu Gly Met Phe Leu Tyr Glu Tyr Ala Arg 
325 330 335 

Arg His Pro Asp Tyr Ser Val Val Leu Leu Leu Arg Leu Ala Lys Thr 
340 345 350 

Tyr Glu Thr Thr Leu Glu Lys Cys Cys Ala Ala Ala Asp Pro His Glu 
355 360 365 

Cys Tyr Ala Lys Val Phe Asp Glu Phe Lys Pro Leu Val Glu Glu Pro 
370 375 380 

Gin Asn Leu lie Lys Gin Asn Cys Glu Leu Phe Glu Gin Leu Gly Glu 
385 390 395 400 

Tyr Lys Phe Gin Asn Ala Leu Leu Val Arg Tyr Thr Lys Lys Val Pro 
405 410 415 

Gin Val Ser Thr Pro Thr Leu Val Glu Val Ser Arg Asn Leu Gly Lys 
420 425 430 

Val Gly Ser Lys Cys Cys Lys His Pro Glu Ala Lys Arg Met Pro Cys 
435 440 445 

Ala Glu Asp Tyr Leu Ser Val Val Leu Asn Gin Leu Cys Val Leu His 
450 455 460 

Glu Lys Thr Pro Val Ser Asp Arg Val Thr Lys Cys Cys Thr Glu Ser 
465 470 475 480 

Leu Val Asn Arg Arg Pro Cys Phe Ser Ala Leu Glu Val Asp Glu Thr 
485 490 495 

Tyr Val Pro Lys Glu Phe Asn Ala Glu Thr Phe Thr Phe His Ala Asp 
500 505 510 

lie Cys Thr Leu Ser Glu Lys Glu Arg Gin lie Lys Lys Gin Thr Ala 
515 520 525 

Leu Val Glu Leu Val Lys His Lys Pro Lys Ala Thr Lys Glu Gin Leu 
530 535 540 

Lys Ala Val Met Asp Asp Phe Ala Ala Phe Val Glu Lys Cys Cys Lys 
545 550 555 560 



Ala Asp Asp Lys Glu Thr Cys Phe Ala Glu Glu Gly Lys Lys Leu Val 
565 570 575 
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Ala Ala Ser Gin Ala Ala Leu Gly Leu 
580 585 



<210> 2 
<211> 585 
<212> PRT 

<213> Homo sapiens 
<220> 

<221> MOD^RES 
<222> (1) . . (585) 
<223> ACETYLATION 

<400> 2 

Asp Ala His Lys Ser Giu Val Ala His Arg Phe Lys Asp Leu Gly Glu 
15 10 15 

Glu Asn Phe Lys Ala Leu Val Leu lie Ala Phe Ala Gin Tyr Leu Gin 
20 25 30 

Gin Cys Pro Phe Glu Asp His Val Lys Leu Val Asn Glu Val Thr Glu 
35 40 45 

Phe Ala Lys Thr Cys Val Ala Asp Glu Ser Ala Glu Asn Cys Asp Lys 
50 55 60 

Ser Leu His Thr Leu Phe Gly Asp Lys Leu Cys Thr Val Ala Thr Leu 
65 70 75 ■ 80 

Arg Glu Thr Tyr Gly Glu Met Ala Asp Cys Cys Ala Lys Gin Glu Pro 
85 90 95 

Glu Arg Asn Glu Cys Phe Leu Gin His Lys Asp Asp Asn Pro Asn Leu 
100 105 110 

Pro Arg Leu Val Arg Pro Glu Val Asp Val Met Cys Thr Ala Phe His 
115 120 125 

Asp Asn Glu Glu Thr Phe Leu Lys Lys Tyr Leu Tyr Glu lie Ala Arg 
130 135 140 

Arg His Pro Tyr Phe Tyr Ala Pro Glu Leu Leu Phe Phe Ala Lys Arg 
145 150 155 160 

Tyr Lys Ala Ala Phe Thr Glu Cys Cys Gin Ala Ala Asp Lys Ala Ala 
165 170 175 



SUBSTITUTE SHEET (RULE 26) 



wo 00/20840 



PCT/US99/22905 



Cys Leu Leu Pro Lys Leu Asp Glu Leu Arg Asp Glu Gly Lys Ala Ser 
180 185 190 

Ser Ala Lys Gin Arg Leu Lys Cys Ala Ser Leu Gin Lys Phe Gly Glu 
195 200 205 

Arg Ala Phe Lys Ala Trp Ala Val Ala Arg Leu Ser Gin Arg Phe Pro 
210 215 220 

Lys Ala Glu Phe Ala Glu Val Ser Lys Leu Val Thr Asp Leu Thr Lys 
225 230 235 240 

Val His Thr Glu Cys Cys His Gly Asp Leu Leu Glu Cys Ala Asp Asp 
245 250 255 

Arg Ala Asp Leu Ala Lys Tyr lie Cys Glu Asn Gin Asp Ser lie Ser 
260 265 270 

Ser Lys Leu Lys Glu Cys Cys Glu Lys Pro Leu Leu Glu Lys Ser His 
275 280 285 

Cys lie Ala Glu Val Glu Asn Asp Glu Met Pro Ala Asp Leu Pro Ser 
290 295 300 

Leu Ala Ala Asp Phe Val Glu Ser Lys Asp Val Cys Lys Asn Tyr Ala 
305 310 315 320 

Glu Ala Lys Asp Val Phe Leu Gly Met Phe Leu Tyr Glu Tyr Ala Arg 
325 330 335 

Arg His Pro Asp Tyr Ser Val Val Leu Leu Leu Arg Leu Ala Lys Thr 
340 345 350 

Tyr Glu Thr Thr Leu Glu Lys Cys Cys Ala Ala Ala Asp Pro His Glu 
355 360 365 

Cys Tyr Ala Lys Val Phe Asp Glu Phe Lys Pro Leu Val Glu Glu Pro 
370 375 380 

Gin Asn Leu lie Lys Gin Asn Cys Glu Leu Phe Glu Gin Leu Gly Glu 
385 390 395 400 

Tyr Lys Phe Gin Asn Ala Leu Leu Val Arg Tyr Thr Lys Lys Val Pro 
405 410 415 



Gin Val Ser Thr Pro Thr Leu Val Glu Val Ser Arg Asn Leu Gly Lys 
420 425 430 
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Val Gly Ser Lys Cys Cys Lys His Pro Glu Ala Lys Arg Met Pro Cys 
435 440 445 

Ala Glu Asp Tyr Leu Ser Val Val Leu Asn Gin Leu Cys Val Leu His 
450 455 460 

Glu Lys Thr Pro Val Ser Asp Arg Val Thr Lys Cys Cys Thr Glu Ser 
465 470 475 480 

Leu Val Asn Arg Arg Pro Cys Phe Ser Ala Leu Glu Val Asp Glu Thr 
485 490 495 

Tyr Val Pro Lys Glu Phe Asn Ala Glu Thr Phe Thr Phe His Ala Asp 
500 505 510 

He Cys Thr Leu Ser Glu Lys Glu Arg Gin He Lys Lys Gin Thr Ala 
515 520 525 

Leu Val Glu Leu Val Lys His Lys Pro Lys Ala Thr Lys Glu Gin Leu 
530 535 540 

Lys Ala Val Met Asp Asp Phe Ala Ala Phe Val Glu Lys Cys Cys Lys 
545 550 555 550 

Ala Asp Asp Lys Glu Thr Cys Phe Ala Glu Glu Gly Lys Lys Leu Val 
565 570 575 



Ala Ala Ser Gin Ala Ala Leu Gly Leu 
580 , 585 
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DIAGNOSING NEUROLOGIC DISORDERS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This invention claims priority to United States Provisional Patent Application 
Serial No. 60/036,586 filed March 14, 1997 and United States Provisional Patent 
Application Serial No. 60/061,402 filed September 30, 1997. 

STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH 
This invention was made in part during work supported by a grant firom the USPHS 
#NS30531. The government has certain rights in this invention. 

TECHNICAL FIELD 
This invention relates to diagnosis of neurologic disorders. More specifically, the 
invention provides methods of obtaining a disease-specific protein profile by determining 
proteins firom a biological sample which are altered relative to normal controls. The 
invention also relates to methods of diagnosing neurologic disorders by determining the 
levels of the proteins which make up the disease-specific protem profile. The invention 
provides methods of diagnosing schizophrenia, Alzheimer's disease, Parkinson's disease, 
multiple sclerosis, subacute sclerosing panencephalitis (SSPE) and other neurologic 
disorders using disease-specific protein profiles. 

BACKGROUND 

Neurologic disorders such as schizophrenia, manic depression (bipolar disorder), 
Alzheimer's Disease, Parkinson's disease, multiple sclerosis, Huntington's disease and 
bacterial meningitis, are major public health concerns. Alzheimer's Disease (AD), for 
example, affects over 4 million Americans while schizophrenia affects approximately 2 
million Americans. Alzheimer's disease has a gradual onset, usually beginning later in life. 
Symptoms of AD include difficulty with memory and loss of intellectual abilities severe 
enough to interfere with routine work or social activities. Confusion, language problems 
(such as trouble finding words), poor or decreased judgment, disorientation in place and 
time and changes in behavior or personality also occur. Eventually, AD leaves its victims 



wo 98/40748 



2 



PCT/US98/05045 



totally unable to care for themselves. Currently, the only way to confirm a diagnosis of AD" 
is by post-mortem autopsy. 

Parkinson's Disease (PD) affects over 1 million people in the U.S., with 20 new 
cases of PD per 100,000 people per year. PD is a chronic disease in which certain 
dopamme-producing neurons are destroyed. There is no definitive pre-mortem diagnosis 
available for PD. A diagnosis is based on a neurological examination, the severity of the 
symptoms and brain scans (CT or MRI) to help rule out other neurological diseases. If the 
symptoms are significant, a trial test of ani^arkinsonian drugs may be used to diagnose the 
disease. Primary symptoms include stiffness, tremor, slowness and poverty of movement, 
difficulty with balance and walking. Secondary symptoms are depression; sleep l 
disturbances; weight loss; dementia; drooling; difficulty with speech, breathmg or 
swallowing; constipation and stopped posture. 

Schizophrenia usually develops between adolescence and age 30 and is 
characterized by positive symptoms (delusions or hallucinations), negative symptoms 
(blunted emotions and lack of interest), and disorganized symptoms (confused thinking > 
and speech, or disorganized behavior and perception). Schizophrenia can generally be 
treated with antipsychotic drugs which control most of the clinical symptoms of the 
disease. 

Early and accumte diagnosis of neurologic disorders is essential for preventing 
relapses, selecting and monitoring the appropriate treatment regime, and reducing the risk 
of substance abuse and suicide. However, there are currently few specific and accurate 
molecular markers which would allow for diagnosis of AD, PD or schizophrenia in a living 
subject. Currently, neurologic disorders are usually only tentatively diagnosed by pre- 
mortem clinical evaluation or, definitively, by post-mortem autopsy of the brain. 
However, clinical evaluation of neurologic disorders is complex as the physician raxist rule 
out other problems or disorders which exhibit like symptoms. For example, PD can be 
confused with multiple sclerosis, ALS or Huntington's chorea. In the case of 
schizophrenia, drug abuse, seizures, major depressive or manic episodes, autism, and other 
personality disorders may present with psychotic symptoms similar to those seen in 
schizophrenia. Brain tumors, stroke, Alzheimer's and Parkinson's diseases can all present 
with symptoms including loss of memory, personality changes and aphasia. 



WO9S/40748 



3 



PCT/US98/05045 



The search for protein markers which are specific for a neurological disorder has" " 
proven elusive. Using two-dimensional gel electrophoresis (2DE), Hsich et al (1996) 
JVE/M335(13):924-929 report that transmissible spongiform encephalopathies can be 
detected by the presence or amount of the protein in cerebrospinal fluid. U.S. Patent No. 
4,874,694 to Gandy et al. claims a method of diagnosing certain neurologic disorders by 
incubating cerebrospinal fluid from a subject with 32-P labeled adenosine triphosphate 
(ATP) and a protein kinase capable of transferring phosphate from the ATP. Gel 
electrophoresis is then performed on the proteins and the autoradiography obtained 
compared to autoradiographs of known pathologies. 

There are also references that describe diagnosis of neurologic disorders using|i)nly 
one biochemical marker. Most references describe one specific marker which is used for 
multiple neurologic disorders and where the specificity is low. The present invention has 
high specificity, for instance greater than 98% in CJD. 

U.S. Patent No. 5,006,462 to Gattaz et al. describes diagnosis of schizophrenia by 
measuring increased enzymatic activity of phospholipase A2 (PLA2) in plasma samples > 
when compared to nonschizophrenic controls. However, this assay could differentiate only 
approximately 70% of schizophrenic patients from healthy controls. 

WO 95/05604 discloses methods of diagnosing Alzheimer's disease by detecting 
the presence of proteins altered in the olfactory neuroblast lysates of AD patients. WO 
95/05395 discloses a method of diagnosing AD by measuring elevated levels of alpha- 1 
anti-trypsin or fibrinogen. U.S. Patent No. 5,429,947 to Merril et al. describes a method 
for diagnosing schizophrenia and Alzheimer's Diseases (AD) by detecting elevated levels 
of specific haptoglobin protems in the bodily fluids of patients. This method is not specific 
for either of the two disorders listed. U.S. Patent No. 5,234,814 describes a method for 
assisting the diagnosis of AD by detecting amyloid precursor related proteins (APP) using 
an antibody which is reactive with tfie C-terminal of human amyloid precursor protein. 
Japanese Patent Nos. 321 1461 and 2543606 disclose diagnosis of multiple sclerosis by 
measuring the amoxmt of human tumor necrosis factor-alpha (h-TNF) in cerebrospinal 
fluid. 

In diseases of the nervous system, the blood-brain barrier prevents diffusion of 
proteins from the brain to the peripheral blood system. However, the cerebrospinal fluid 
(CSF) is in immediate contact with the nervous system and proteins from this fluid can be 
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used as the molecular measure of pathology and responses to therapy. High resolution, " - 
two dimensional (2DE) separation techniques have yielded a detailed protem map of more 
than 2,000 individual components finom CSF samples. The first dimension of 2DE 
separates proteins on the basis of charge, while the second dimrasion separates based on 
mass. 

The present invention provides a specific method of generating disease-specific 
molecular markers. The disease-specific markers are obtained by screening a large number 
of proteins from a biological sample, identifying the particular proteins which are altered 
in subjects with neurological diseases by comparing their levels to levels found in normal 
subjects. Individually, these proteins do not distinguish the disorders firom normal or gther 
disease controls, but in combination, these protein profiles are very accurate at 
differentiating specific disorders. The particular proteins can then be isolated, purified, 
and used to generate antibodies. The antibodies are then used, for example, in Western 
blots or other immunoassays to diagnosis a specific disease condition in a sample. The 
disease-specific protein profiles are also called ""bar-codes" in reference to the unique ^ 
marking system used for merchandise. As with merchandise, the profiles expressed as bar 
codes provide a unique marking system for neurologic disorders. The bar-coding strategy 
of this invention allow for easy, rapid and specific assay for neurologic disease including 
schizophrenia, manic depressive disorder, Alzheimer's disease (AD), Parkinson's disease 
(PD), multiple sclerosis (MS) and Creutzfeldt-Jakob disease (CJD). It was the surprising 
discovery of the inventor that when the levels of the protein profile obtained firom a patient 
is compared to nomtial controls, neurologic disorders can be diagnosed. 

SUMMARY OF THE P^ENTION 
The present invention provides a method of diagnosing a neurological disorder in a 
biological sample, the method comprising: (a) obtaining a cUsease-specific protein profile 
by detectmg proteins whose levels are altered in a subject having a neurological disorder 
when compared to levels of a healthy control; (b) obtaining the biological sample; (c) 
measuring the levels of the disease-specific protein profile obtained in step (a) in the 
biological sample; and (d) comparing the levels of the disease-specific protein profile in 
the biological sample to levels found in the healthy control; wherein altered levels of the 
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protein profile of the biological sample as compared to the healthy control is diagnostic Df - 
the neurological disorder. 

In a preferred embodiment, the biological sample is cerebrospinal fluid. In another 
preferred embodiment, the neurologic disorder is selected from the group consisting of 
Alzheimer's Disease (AD), schizophrenia, Parkinson's disease (PD), multiple sclerosis, 
subacute sclerosing panencephalitis (SSPE) and transmissible spongiform 
encephalopathies. In a particularly preferred embodiment, the neurologic disorder is AD 
and the protein profile comprises proteins designated AD-1 through AD-1 8. In another 
particularly preferred embodiment, the neurologic disorder is PD and the protein profile 
comprises CIT-A, CIT-B, CIT-C (protein 129), CIT-1 (alpha 1 microglobulin subunit)', 
CIT-2 (PGDS isoform), CIT-3 (PGDS isoform), CIT-4 (complement 4 gamma - C4y) and 
CIT-5 (Apo-Al lipoprotein). In yet another particularly preferred embodiment, the 
neurologic disorder is schizophrenia and the protein profile comprises protein 91 , protein 
48, protem 46, orosomucoid, prostaglandin D synthetase (PGDS), antithrombm III and 
fibrinogen degradation products. In other particularly preferred embodiments, the ^ 
neurological disorders are multiple sclerosis, subacute sclerosing panencephalitis (SSPE), 
or Creutzfeldt-Jakob disease (CJD). 

In another preferred embodiment, the disease-specific protein profile is obtained 
using 2 dimensional gel electrophoresis (2DE), Western blotting or immunoassay. In 
another preferred embodiment, the protein profile is measured by visualizing a 2DE gel, 
Western blotting or by immunoassay. 

As will become apparent, preferred features and characteristics of one aspect of the 
invention are applicable to any other aspect of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a color reproduction of a 2DE gel electrophoresis of CSF fluid obtained 

from normal controls. Five positional standards, or landmarks, are identified in green. 

The position of five spots which are qualitatively or quantitatively altered in CSF from 

patients with disease are shown in red and labeled CIT-1 through CIT-5 in blue. 

Figure 2 is a color reproduction of a 2DE gel electrophoresis of CSF fluid obtained 

from Parkinson's disease patients. Each of the protein spots coniprising a PD-specific 

protein profile are marked in red. 
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Figure 3 is a color reproduction of a 2DE gel electrophoresis of CSF fluid obtained- 
ftom Alzheimer's Disease patients. Eighteen spots comprising a AD-specific protein 
profile are marked in red. 

Figure 4, panels A through C, are plots depicting the relative quantity of CIT-5 
(Apo-Al lipoprotein) in various Parkinson's patients. Each bar is representative of one 
patient Panel A shows CIT-5 (Apo-Al lipoprotein) plotted against the "H + Y" rating, a 
standardized index of disease severity. As disease severity increases, tiie amoimt of CIT-5 
(Apo-Al lipoprotein) decreases. On the x-axis, a "3" denotes long duration PD with 
dyskinesia, and moderate to high dopaminergic therapy, a "2" denotes medium duration, 
dyskinesia and low dopaminergic thempy and a "1 " denotes short duration disease, no^f , 
dyskinesia and no or minimum dopaminergic therapy. Panel B shows CIT-5 (Apo-Ai 
lipoprotein) plotted against the age of patient/duration of clinical disease. On the x-axis, 
"OL" refers to patients in whom the clinical disease onset occurred when they were older 
(above 50) with a long duration of disease, '*YL** refers to a young-onset patients (below 
50) with a long duration of disease, "OS" refers to old-onset and short duration disease, ^ 
"YS" refers to young-onset and short duration. Panel C shows CIT-5 (Apo-Al 
lipoprotem) plotted versus clinical parameters. The numbers on the x-axis are the same 
classifications as for Panel A. All panels in Figure 4 show that as PD severity or duration 
increases, the amoimt of CIT-5 (Apo-Al lipoprotein) decreases. 

Figure 5 is a graphical representation of a multiple discriminant function analysis 
plotting canonical discriminant functions obtained from the protein profiles of six PD 
patients (c); six AD patients (a) and two controls (b). 

Figure 6 is a graphical representation of a multiple discriminant function analysis 
plotting canonical functions obtained from the protein profiles of six PD patients (c); four 
AD patients (b) and six controls (a). 

Figure 7 shows the effect of various schizophrenia drug therapies on the level of 
protein 91 . In normal controls, protein 91 has a normalized protein quantity (density units) 
of approximately 8. Individuals effected with schizophrenia have only around 4 units of 
the same protein. Patients on any of the three therapy regimes tested have less protein 91 
than xmtreated or normal individuals. 

Figure 8 shows the effect of various schizophrenia drug therapies on the level of 
protein 48. In normal controls, protein 48 has a normalized protein quantity of 



wo 98/40748 PCT/US98/05045 - 

7 

approximately 7. Individuals affected with schizophrenia have around 13 units of the same 
protein. Patients on any of the three therapy regimes tested show a protein 48 level which 
is less than untreated individuals, but closer to the normal levels. 

Figure 9 shows the effect of various schizophrenia drug therapies on the level of 
one isoform of prostaglandm D synthetase (PGDS). In normal controls, this PGDS 
isofonn has a normalized protein quantity of approxunately 8. Patients affected with 
schizophrenia have less than 4 units of the same protein. Samples obtamed from patients 
on any one of the three therapy regimes show that PGDS levels remain lower than normal 
levels. 

Figure 10 shows the effect of various schizophrenia drug therapies on the level of 
protein 46. In normal controls, protein 46 has a normalized protein quantity of 
approximately 8. Individuals affected with schizophrenia have aroimd 13 units of the same 
protein. Patients on any of the three therapy regimes tested show a protein 46 level which 
were intermediate between untreated and nonnal levels. 

Figure 1 1 depicts a two dimensional graph in which samples have been positioneil 
based on their protein profile. A diagnosis of SSPE was made m sample labeled "E". This 
graph shows complete resolution of samples diagnosed as characteristic of SSPE from 
other samples, including multiple sclerosis patients. 

MODES FOR CARRYING OUT THE INVENTION 
Throughout this application, various publications, patents, and published patent 
applications are referred to by an identifying citation. The disclosure of the publications, 
patents, and published patent specifications referenced in this application are hereby 
incorporated by reference into the present disclosure to more fully describe the state of the 
art to which this invention pertains. 

As used herein, certain terms will have specific meanings. 
The term "neurologic disorder" is intended to refer the diverse group of disorders 
which affect the central or peripheral nervous system. The disorders may be acute or 
chronic and include, but are not limited to, schizophrenia, manic depression, Alzheimer's 
disease, Parkinson's disease, multiple sclerosis, transmissible spongiform encephalopathies 
(Creutzfeldt-Jakob disease in humans, mad cow disease in bovines and scrapie in sheep). 
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Stroke, herpes simplex encephalitis, subacute sclerosing panencephalitis (SSPE), and brain* 
damage associated with cerebral infarction. 

As used herein, the terms "Alzheimer's Disease" and "AD" are used 
interchangeably to include the mental disorders characterized by memory loss, 
disorientation, confusion and the like. AD is also characterized by amyloid plaques and 
neurofibrillary tangles in the brain, which can be seen upon autopsy. 

The terms "Parkinson's Disease" or "PD" are used interchangeably to include the 
neurologic disease characterized by tremor, rigidity, akinesia (freezing), postural 
disturbance or balance problems. Fatigue, depression, anxiety, restlessness, poor 
handwriting, quieting of voice, change in posture, muscle aches, cramping or paresthesiias 
(tmglmg feelings) are also reported. Diagnosis of PD can be complicated because of 
"Parkinsonism look-alikes" or conditions which share clinical features with PD. PD can 
be divided into different subtypes based, for example, on age of onset, duration or amount 
of dyskinesia. 

The term "schizophrenia" is intended to include the group of mental disorders ^ 
characterized by disruptions in thinking and perception. In a clinical evaluation, 
schizophrenia is conunonly marked by auditory hallucinations (especially hearing voices), 
disorganized thought processes, delusions, and the absence of emotion or affect. Clinical 
diagnosis of schizophrenia is complex, and as v/ith most psychiatric diagnostic categories, 
is effected at the syndromal level, (see, Michael Flaum, (1995) "The diagnosis of 
schizophrenia" in CONTEMPORARY ISSUES IN THE TREATMENT OF SCHIZOPHRENIA. 
Shriqui and Nasrallah eds., American Psychiatric Press, Inc, Washington D.C.). 

The disorder known as schizophrenia can be divided into several subtypes or 
categories. The term "schizoaffective" is intended to mean a category of schizophrenia 
patients who also exhibit mood disorders, for example, bipolar disorder. Schizoaffective 
disorder is generally characterized by conmion schizophrenia symptoms in combination 
with major depressive or manic episodes. "Post partum" schizophrenia refers to a the 
category of schizophrenia which exhibits common symptoms but onsets in women after 
giving birth. The term "schizophrenic" refers to a person who suffers from schizophrenia. 

The term "transmissible spongiform encephalopathies (TSEs)" is intended to refer 
to a group of neurodegenerative diseases. In humans, these diseases include Creutzfeldt- 
Jakob disease (CJD), Gerstmann-Staussler-Scheinker syndrome. Fatal Familial Insonmia, 
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andKuru. {see, e,g., Brown a/, in NEURODEGENERATIVE DISEASES, Calneecf., W.B." - 
Saunders, Philadelphia (1994); Medori et al (1992) K Engl J. Med 326:444-449). In 
aninaials, the TSEs include sheep scrapie, bovine spongiform encephalopathy, transmissible 
mink encephalopathy, and chronic wasting disease of captive mule deer and elk (Gajdusek 
(1990) Subacute Spongiform Encephalopathies: Transmissible Cerebral Amyloidoses 
Caused by Unconventional Viruses, pp. 2289-2324 In: Virology^ Fields, ed. New York: 
Raven Press, Ltd.). All TSEs are characterized by the same hallmarks: a spongiform 
degeneration, reactive gliosis in the cortical and subcortical gray matters of the brain, and 
transmission when experimentally inoculated into laboratory animds including primates, 
rodents and transgenic mice. ^, 
A biological "sample" as used herein includes a variety of sample types obtained 
from an mdividual and is typically used in a diagnostic procedure or assay. The definition 
encompasses blood, cerebrospinal fluid (CSF) and other liquid samples of biological 
origin, solid tissue samples such as biopsy specimen or tissue cultures or cells derived 
therefrom and the progeny thereof. Methods of collecting and storing tissue or fluid > 
samples are known to those of skill in the art. The definition also includes samples that 
have been manipulated in any way after their procurement, such as by treatment with 
reagents, solubilization or enrichment for certain components, such as proteins or 
polynucleotides. The term "biological sample" encompasses a clinical sample, and also 
includes cells in culture, cell supematants, cell lysates, serum, plasma, biological fluid and 
tissue samples. 

The terms "level" or "levels" are used to refer to the presence and/or amount of 
protein, and can be determined qualitatively or quantitatively. A "qualitative" change in 
the protein level refers to the appearance or disappearance of a protein spot that is not 
detectable or is present in samples obtained from normal controls. A "quantitative" change 
in the levels one or more proteins of the profile refers to a measurable increase or decrease 
in the protein levels when compared to a healthy control. 

The term "protein profile" refers to a pattern of specific proteins whose levels are 
altered in samples obtained from subjects \yith neurologic disorders when compared to a 
healthy control. The profile may be expressed in many forms, including, for example, as a 
"molecular bar code" composed of the proteins of the profile. A disease-specific protein 
profile is obtained by comparing the level of a variety of proteins in a sample taken from a 
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healthy control to the levels found in samples taken from affected individuals. - - 

Individually, the proteins which are altered in the affected individuals may not be 
diagnostic of the disorder, but, when viewed together as a profile, are disease-specific. The 
proteins vAnch comprise the profile may all be increased, decreased, present or absent with 
respect to healthy levels. More often, some of the proteins will be increased and some will 
be decreased as compared to the control. 

The proteins which make up the disease-specific protein profile may be identified 
by their common name, their structure, their sequence, by the antibodies which recognize 
them or by their migration pattern in gel electrophoreses. One or two dimensional gels 
may be used. Methods of 2DE are known in the art, and described herein in Example/ . 
For example, a protein profile for AD comprising 18 proteins has been identified. Two of 
the proteins have been identified by theur common names. Haptoglobin 1 precursor 
subunits, while sixteen are identified by their migration pattem in gel electrophoresis. A 
protein profile for PD comprises 9 proteins, including CIT-A, CIT-B, protein 129, alpha 1 
microglobulin subunits, two PGDS isoforms, complement 4 gamma and Apo-Al ^ 
lipoprotem. The profile for schizophrenia described in the present application includes 
proteins 48, 46 and 91 . To date, the amino acid sequence of these proteins is not known. 
Accordingly, these proteins are identified herein by randomly-assigned niunbers 
corresponding to the location on a 2DE gel where the protein appears imder the conditions 
described herein. Proteins 5, 48, 46 and 91 have been previously identified in Harrington 
et al. (1985) Clinical Chemistry 31(5):724. As shown in Figure 1 of this reference, these 
proteins migrate in response to electrophoresis in a characteristic maimer. 

The proteins of the protein profile may also be identified, for example, by their 
isoelectric focusing point (pi) and molecular weight (MW) in kilodaltons (kD). For 
example, some of the proteins identified herein have the following pi and apparent MW: 
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Table 1 



Protein Number (Name) 


pl 


MW(kD) 


protein 48 


6.2 


46 


protein 46 


6.0 


48 


protein 91 


5.7 


80 


108 


5.3 


30 


110 


5.1 


32 


protein 2 (PGDS) 


5.5 


20 


protein 5 (PGDS) 


5.7 


20 


protein 129 


6.1 


25 


CIT-A 


5.2 


94 


CIT-B 


5.58 


54 


CIT-C 


5.54 


26 


CIT-1 (alpha 1 microglobulin 
subunit) 


5.12 


30.851 


CIT-2 (PGDS isoform) 


5.2 


25 


CIT-3 (PGDS isoform) 


5.2 


25 


CIT-4 (complement 4 
gamma) 


6.37 


33.074 


CIT-5 (Apo-Al lipoprotein) 


5.46 


23.320 


AD-1 


6.37 


150 


AD-2 


5.46 


65 


AD-3 


6 


63 


AD-4 


6.09 


63 


AD-5 


6.09 


63 


AD-6 


64 


6.6 


AD-7 


64 


6.6 


AD-8 


62 


6.9 


AD-9 


62 


7 


AD-10 


51 


5.46 


AD- 11 (Haptoglobin 1 
precursor subunit) 


42 


5.47 


AD- 12 (Haptoglobin 1 
precursor subunit) 


42 


5.47 


AD-13 


30.5 


5.48 


AD-14 


30.5 


5.48 


AD-15 


30 


5.1 


AD- 16 


30 


5.1 


AD- 17 


28 


5.18 


AD-18 


17 


6.68 



The pi and molecular weight values are intended to include a range which includes 
any variations which may occur due to experimental conditions as would be known by one 
of skill in the art. In the neutral pH region, pis will generally range up or down 0.5 from 
the value given. At higher pHs, the range may be + 1 . Molecular weight ranges will 
usually be within 5 kilodaltons of the value given, although glycoproteins may migrate 
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anomalously in SDS PAGE gels and give show MW values which are higher than the ~ " 
actual MW. 

The protems which comprise the disease-specific profiles can be quantified, for 
example, by measuring the units of protein concentration or normalized density units. 

Altemativiely, the protein profile can be visualized, for example, bom 
electrophoresis, in particular, 2DE. Electrophoretic methods are well-known to those 
skilled in the art and are described in detail herein. Visualizing proteins may be performed 
by any method known in the art. Coomassie blue and silver stain, for instance, are well 
known methods of visualizing proteins on gels. Western blotting and autoradiography of 
gels can also used to identify the disease-specific protein profiles. <f 

It is intended that the protein profiles used m the methods described herein be 
composed of at least 2 different proteins, or alternatively, at least two isoforms or 
glycoforms of ttie same protein. Preferably the protein profiles are comprised of between 3 
and 20 proteins or glycoforms, more preferably, between 4 and 1 5, and even more 
preferably 5 to 1 0. Glycoforms of the same protein can be distmguished by methods ; 
known in the art. As described above, glycoforms of proteins are known to migrate 
differently in 2DE, as determined by molecular weight and isoelectric focusing points. 
Therefore, a protein profile could be prepared by measuring or visualizing glycoforms of 
the same protein. Although the only limit on the number of proteins which can make up a 
profile is the number of proteins in the sample, for ease of analysis, less than 20 is 
preferred. 

In addition to differentiating between neurologic disorders, it is also intended the 
protein profiles can be used to differentiate between diagnostic categories of individual 
diseases. In schizophrenia, for example, post-partum schizophrenia or schizoaffective 
disorder may produce protein profiles which are distinct fi:om conventional schizophrenia. 
Similarly, early-onset Alzheimer's disease may present with a different protein profile 
firom the more common age-associated AD. Moreover, it is contemplated that an 
individual subject may have a unique protein profile, for instance, because they are 
suffering from more than one neurologic disorder. In addition, the protein profile can be 
used to distinguish specific cell damage or brain region damage based on the appearance of 
proteins unique to their origin. 
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A "healthy control" or "normal control" is a biological sample taken from an 
individual who does not suffer from a neurologic disorder. A "negative control/' is a 
sample that lacks any of the specific analyte the assay is designed to detect and thus 
provides a reference baseline for the assay. 

As used herein, the term "cerebrospinal fluid" or "CSF" is intended to include 
whole cerebrospinal fluid or derivatives or fractions thereof well known to those of skill in 
the art. Thus, a cerebrospinal fluid sample can include various fractionated forms of 
cerebrospinal fluid or can include various diluents added to facilitate storage or processing 
in a particular assay. Such diluents are well known to those of skill in the art and include 
various buffers, preservatives and the like. ^ 

As used herein, the term "2-dimensional gel electrophoresis" or "2-D gel 
electrophoresis" or *'2DE" is intended to refer to the two dimensional migration of proteins 
in solution or suspension in tiie presence of an electrical field. Methods of 2DE are well 
known to those of skill in the art. See generally, R. Scopes (1982) Protein Purification, 
Springer-Verlag, N.Y. and Deutscher (1990) Methods in Enzymology Vol 182: Guide to > 
Protein Purification, Academic Press Inc., N.Y.). For example, 2DE relies on isoelectric 
focusing (lEF) in either carrier ampholyte gradient gels or immobilized pH gradients for 
one dimension and SDS-polyacrylamide gels for the second dimension. The amount of 
polyacrylamide to be used in making the gels can be readily determined by a skilled 
artisan. 

As used herein, an "immunoassay" is an assay that utilizes an antibody to 
specifically bind to the antigen. The immunoassay is thus characterized by detection of 
specific binding of the proteins of the protein profile to antibodies as opposed to the use of 
other physical or chemical properties to isolate, target, and quantify the analyte. Direct 
unmunoassay and competitive immunoassays are described in detail below. 

As used herein, an "antibody" refers to a protein consisting of one or more 
polypeptides substantially encoded by immunoglobulin genes or fragments of 
immunoglobulin genes. The recognized immimoglobulin genes include the kappa, 
lambda, alpha, gamma, delta, epsilon and mu constant region genes, as well as the myriad 
immunoglobulin variable region genes. Light chains are classified as either kappa or 
lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, which in turn 
define the immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively. 
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The basic immunoglobulin (antibody) structural unit is known to comprise a ~ - 
tetramer or dimer. Each tetramer is composed of two identical pairs of polypeptide chains, 
each pair having one "light" (about 25 kD) and one "heavy" chain (about 50-70 kD). The 
N-tenninus of each chain defines a variable region of about 100 to 1 10 or more ammo 
acids primarily responsible for antigen recognition. The terms variable light chain (V,) and 
variable heavy chain (Vh) refer to these variable regions of the light and heavy chains 
respectively. 

Antibodies may exist as intact immunoglobulins or as a number of well 
characterized fragments produced by digestion with various peptidases. Thus, for 
example, pepsin digests an antibody below the disulfide linkages in the hinge region tp . 
produce F(ab)'2, a dimer of Fab which itself is a light chain joined to Vri-Cnl by a disulfide 
bond. The F(ab) 2 may be reduced under mild conditions to break the disulfide linkage in 
the hinge region thereby converting the F(ab) 2 dimer into an Fab' monomer. The Fab* 
monomer is essentially an Fab with part of the hinge region (&e. Fundamental 
Immunology, W.E. Paul, ed.. Raven Press, N.Y. (1993) for a more detailed description ofi 
other antibody fiagments). While various antibody fragments are defined in terms of the 
digestion of an intact antibody, one of skill will appreciate that such Fab' Augments may be 
synthesized de novo either chemically or by utilizing recombinant DNA methodology. 
Thus, the term antibody, as used herein also includes antibody fragments either produced 
by the modification of whole antibodies or synthesized de novo using recombinant DNA 
methodologies. 

The phrase "specifically binds to a protein" or "specifically immimoreactive with," 
when referring to an antibody refers to a binding reaction which is determinative of the 
presence of the protein in the presence of a heterogeneous population of proteins and other 
biologies. Thus, under designated immunoassay conditions, the specified antibodies 
preferentially bind to a particular protein and relative binding to other proteins does not 
occur in significant amounts. Specific binding to a protein under such conditions may 
require an antibody that is selected for its specificity for a particular protein. For example, 
antibodies can be raised to the protein markers specific for schizophrenia. A variety of 
immimoassay formats may be used to select antibodies specifically immunoreactive with a 
particular protein. For example, solid-phase ELISA immunoassays are routinely used to 
select monoclonal antibodies specifically immunoreactive with a protein. See Harlow and 
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Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New " " 
York, for a description of inununoassay fonnats and conditions that can be used to 
determine specific immunoreactivity. 

As used herein, the term '^subject' ' refers to a mammal and includes, but is not 
limited to, humans, bovine, mink, sheep, elk, cats and deen 

I. Obtaining Disease-Specific Protein Profiles" 

The present invention includes a method of obtaining a disease-specific protein 
profile which may be expressed as a molecular bar code. The familiar bar code system of 
grocery and other retail stores used to price goods reduces errors, saves time and helps^ - 
keep inventory. In the disease context, unique bar codes will provide accurate diagnosis, 
patient management and therapeutic monitoring. 

The protein profiles expressed as molecular bar codes are obtained from a 
biological sample taken from a subject known to have a particular disorder, and preferably 
a neurologic disorder. Sample collection is discussed in detail below. The proteins of the 
sample are then detected. Preferably, the sample is first subjected to two-dimensional gel 
electrophoresis (2DE) to distinguish individual proteins by their migration patterns. The 
2DE gel is then visualized, preferably by silver staining and quantified, for example by 
image analysis. Altered levels of particular proteins in the sample are then obtained by 
comparing the protein levels in the sample to levels of a healthy control or a control known 
to have a disorder, including a neurologic disorder. Preferably, a computer algorithm and a 
database of protein levels firom CSF is used to determine which particular proteins are 
increased or decreased in the sample. In this way, from the thousands of proteins present 
in biological samples, those which are altered in particular diseases can be identified. All 
or some of the specific proteins which are altered are called the protein profile. 

When 2DE is performed, it is preferable to use at least two different stained 
electrophoresis gels to generate a protein profile. Protein spots which are present in every 
gel are designated as positional standards or "landmarks." These landmark spots are 
aligned as between at least two gels, and the rest of the spots digitized according to then- 
relation to the landmarks. Subsequently, a computer generated algorithm or the like can be 
programmed to compare the test CSF with healthy controls and determme which spots are 
different in one gel from another, and which are similar. 
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The algorithm used to determine the protein profile is a multi-step process. 
Computer programs can used to compare and contrast intensity of spots on 2DE gels, for 
instance commercially available programs such as "Melony'* (BioRad). Development of 
computer generated algorithms is within the skill of an ordinary programmer. Generally, 
the protein spots on the 2DE gel are first identified using any spot-finding method known 
in the art. Prefembly, an edge detector or peak identifier is used. Various parameters are 
recorded and stored for each spot, including, for example, x and y co-ordinates 
corresponding to pH and molecular weight along with total integrated density. Next, all 
spots are compared from one sample to one another, using a master gel retaining all data. 
The protein spots are either matched or umnatched and noted by their location on the ggl.. 
The differences can be qualitative (e.g. unmatched spots) or quantitative (statistically 
significant variations of normalized protein quantity). 

The compared gel data is then split into groups of each disease and normal controls. 
Similarities and differences are noted as described above. All of the different proteins are 
then fiuther analyzed in subsets of patients within each disease compared to controls. } 

The above-described steps each use conventional statistics forjudging differences 
in data. Preferably, means, standard deviations, a student T-test, and analysis with 
appropriate degrees of freedom are employed. Other methods known to those in the art 
may also be suitable. Any changes are verified from one population by testing in a second 
population and only those changes that are replicable are confirmed as valid. 

Using the novel method described here, we can define a diagnostically powerfiil 
profile for each disease and even for disease sub-types. This is achieved simply when an 
individual protein is so discriminative, but this is rare and likely to be unusual. One known 
example is the 14-3-3 marker for CJD. More conmionly, a number of protein spots are 
altered in a statistically significant manner between disease and controls, but with overlap 
that is not usefiil for any one individual protein, but when analyzed together possess 
powerfiil discrimination. This can be achieved in a number of different ways, but most 
appropriately using multi-dimensional discriminant fimction analysis. Preferably, the 
algorithm is standard statistical software from Unistat. Other statistical methods will be 
known to those skilled in the art. Either linear or nonlinear discriminant fimction analysis 
can be performed, and alternative approaches can include principal component analysis, 
factor analysis, or cluster analysis. All variable proteins were examined for combuiations 
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that would provide the best discrunination and then the best discrimination is investigated ' 
for the least number of proteins. Once this is achieved (usually 10 or less proteins with 
most discrimination coming from the first 5 proteins) then these proteins were used to test 
a second, new population of samples. Only when these same proteins gave discriminating 
power in the second population was this group of protems considered for the profile. Once 
so identified, the profile can be used to define a multidimensional space of discriminant 
fimction that allows subsequent samples to be placed with confidence in one group or 
another. 

Thus, the present invention provides a method for identifying protein profiles 
which are specific for a disease or an individual. The diseases which can be diagnose^ and 
monitored using the novel method described herein include, but are not limited to, 
schizophrenia, Alzheimer's disease, Parkinson's disease, multiple sclerosis, manic 
dq)ression, Huntington's disease, viral encephalitis, stroke, dementia, headaches, bacterial 
meningitis, insomnia and transmissible spongiform encephalopathies. 

A. Protein Profile for Alzheimer's Disease (AD) 

In one embodiment, a protein profile specific for AD is identified. At least about 
18 protein spots have been found to make up a protein profile. These spots, AD-1 through 
AD- 18 are identified by their molecular weight and isoelectric point in Table 1 . The AD 
profile identified herein is comprised of 18 qualitative markers. Another profile specific 
for AD has been identified using a combination of proteins that include 2 of those 
qualitative markers with 7 other proteins that are altered in various diseases. 

B. Protein Profile for Parkinson's Disease (PD) 

The present invention also includes a protein profile for PD. The present inventor 
has discovered at least 3 qualitative and 5 qxiantitative proteins making up a disease- 
specific protein profile. The 3 qualitative markers of the profile (Le. spots that are not 
present in normal controls) are protein 129, CIT-A (molecular weight of approximately 94 
kDa and isoelectric point of approximately 5.2), and CIT-B (molecular weight of 
approximately 54 kDa and isoelectric point of approximately 5.58). The quantitative 
markers, or spots which increase or decrease compared to normal are: Apo-Al lipoprotein; 
alpha 1 microglobulin subunit; two PGDS isoforms and complement 4 gamma. All spots 
decrease in PD patients except one PGDS isoform (CIT-2) which is increased. 
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C. Protein Profile for Schizophrenia 

In another embodiment, a protein profile specific for schizophrenia is identified. 
As described in the Examples, using the methods of the present invention a schizophrenia- 
specific profile made up of seven proteins was identified. These seven proteins, protein 
91, protein 48, protein 46, orosomucoid, prostaglandm D synthetase (PGDS), antithrombin 
III and fibrinogen degradation products are altered in schizophrenic subjects vs^hen 
compared to normal controls. In particular, protein 91, orosomucoid (also known as a,- 
acid glycoprotein), PGDS, and antithrombin III have a relative concentration which is 
decreased relative to normal. Proteins 48 and 46 are increased relative to normal. |. 
Fibrinogen degradation products are absent in normal controls and appear in schizophrenic 
samples. 

D. Dififerentiation between Neurologic Disorders 

Once a protein profile has been identified, this group of proteins can be used to > 
define the multidimensional space of discriminant Amotion that allows subsequent samples 
to be placed with confidence in one group or another. As shown in Figures 5, 6 and 11, 
multiple discriminant function analyses can be used to distinguish between various 
neurological conditions. Figure 5 shows that PD patients (c) and AD patients (a) can be 
distinguished from each other and from healthy controls (b) where the multidimensional 
discriminating space is plotted in 2-dimensions. Similarly, in Figure 6, PD patients (c) 
separate from AD (b) and from controls (a). Figure 1 1 illustrates the diagnosis of 
subacute sclerosing panencephalitis (SSPE) patients in Group 5, individually labeled E 
with complete resolution from the other patient groups. 

In other embodiments, protein profiles specific for multiple sclerosis, Parkinson's 
disease, subacute sclerosing panencephalitis (SSPE) or Creutzfeldt- Jakob disease are 
disclosed. The ability to distinguish between SSPE and multiple sclerosis is an especially 
interesting and novel finding as conventional biochemical techniques cannot distinguish 
between these two disorders. 
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n. Diagnosis of Neurologic Disorders Using Disease-Specific Protein Profiles 

The disease-specific protein profile obtained as described above can then be used 
for diagnosis of the specific disorder. The individual proteins of the protein profiles can be 
detected or quantified by any of a number of means well known to those of skill in the art. 
These may include visualization techniques, analytic biochemical methods such as 
electrophoresis, capillary electrophoresis, high performance liquid chromatography 
(HPLC), thin layer chromatography (TLC), hyperdiffiision chromatography, partial amino 
acid sequence determination and the like, or various immunological methods such as fluid 
or gel precipitation reactions, immunodiffusion (single or double), inununoelectrophoifesis, 
radioinununoassay (RIA), enzyme-linked immunosorbent assays (ELISAs), 
immunofluorescent assays, western blotting, and the like. 

In one aspect, a qualitative change in one or more proteins of the protein profile is 
determined. Qualitative changes include the appearance of a protein spot that is not 
detectable in samples obtained firom normal controls or the disappearance of a protein spot 
which is detectable in normal controls but not in the sample taken fi-om an affected subject. 

In another aspect, a quantitative change in one or more proteins of the profile is 
measured. Preferably, the protein profile is quantified using 2DE, immunoassay or 
Western blotting. The concentration of protein levels may be expressed in absolute terms, 
for example, optical density as read by image analysis. Alternatively, the concentrations 
can be expressed as a fiaction, relative to normal levels of the same protein. 

The protems which make up the protein profile can be individually isolated and, 
optionally purified. Methods of isolating and purifying proteins finom 2DE gel are known 
in the art The isolated proteins^ then identified, for example, by partial amino acid 
sequence, mass spec or carbohydrate analysis. Monoclonal or polyclonal antibodies can 
then be generated to the isolated proteins by methods known m the art. See Harlow and 
Lane (1988) Antibodies. A Laboratory Manual, Cold Spring Harbor Publications, New 
York, for a description of methods of generating antibodies. Used in combination, these 
specific antibodies are used to diagnosis the specific disease in a subject by anzilyzing a 
biological sample from the subject. 

The collection of biological sample and subsequent testing for a disease-specific 
protein profile is discussed in more detail below. 
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A) Sample Collection and Processing ~ - 

The disease-specific protein profile is preferably quantified in a biological sample 
derived firom a mammal, more preferably &om a human patient. A biological sample is a 
sample of biological tissue or fluid that contains a protein profile concentration that may be 
correlated with protein profile levels of a healthy control. Particularly preferred biological 
samples include but are not limited to, plasma, urine, serum, neurological tissue and 
cerebrospinal fluid. 

The biological sample may be pretreated as necessary by dilution in an appropriate 
buffer solution or concentrated, if desired. Any of a number of standard aqueous buffer 
solutions, employing one of a variety of buffers, such as phosphate, Tris, or tiie like, at' 
physiological pH can be used. 

In a prefened embodiment, assays are performed using cerebrospinal fluid (CSF). 
Obtaining and storing CSF are well known to those of skill in the art. Typically CSF is 
obtained by lumbar puncture. The CSF may be diluted by the addition of buffers or other 
reagents well known to those of skill in the art and may be stored for up to 24 hours at 2^ 
8°C, or at -20°C or lower for longer periods, prior to measurement of the protein profile. 
In a particularly preferred embodiment, the CSF is stored at -70°C without preservative 
indefinitely. 

B) Electrophoretic Assays 

As indicated above, a protein profile specific for schizophrenia may be obtained 
form cerebrospinal fluid using electrophoretic methods. Means of detecting proteins using 
electrophoretic techniques are well known to those of skill in the art (see generally, R. 
Scopes (1982) Protein Purification, Springer-Verlag, N.Y.; Deutscher, (1990) Methods in 
Enzymology Vol 182: Guide to Protein Purification., Academic Press, Inc., N.Y.). In a 
preferred embodiment, the protein profile is obtained using two-dimensional 
electrophoresis, A particularly preferred separation relies on isoelectric focusing (lEF) in 
carrier ampholyte gradient gels or immobilized pH gradients for one dimension and 14% 
polyacrylamide gels for the second dimension. A detailed protocol for two-dimensional 
electrophoresis is provided in Examples below. 

Proteins separated on 2DE gels can be visualized by any method known in the art. 
For example, Coomassie blue staining, gold staining, silver staining and ihe like may be 
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used to visualize proteins directly on the gels, (see, generally, Current Protocols in - - 
Molecular Biology, Ausubel et al eds. (1996) § 10.6 to 10,8 and references therein). 
Alternatively, the proteins on the 2DE gel can be transferred or blotted onto a membrane 
and probed with an antibody. Methods of blotting and immunostaining are known to those 
of skill m the art (see, e.g., Ausubel (1996), supra, § 10.8). In a preferred embodiment, 
the present invention obtains a protein profile by silver staining and, subsequently, by 
immunostaining. 

C) Immunological Binding Assays 

In another embodiment, the protein profile is obtained or measured using any qf a 
number of well recognized immunological binding assays (see, e.g., U.S. Patents 
4,366,241 ; 4,376,1 10; 4,517,288; and 4,837,168). For a review of the general 
immunoassays, see also Methods in Cell Biology Volume 37. Antibodies in Cell Biology, 
Asai, ed. Academic Press, Inc. Nevf York (1993), Basic and Clinical Immunology Itti . 
Edition, Stites & Terr, eds. (1991). > 

Immunological binding assays (or immunoassays) typically utilize a "capture 
agent" to specifically bind to and often immobilize the analyte (in this case a protein of the 
specific protein profile). The capture agent is a moiety that specifically binds to the 
analyte. In a preferred embodiment, the capture agent is an antibody that specifically binds 
a protein of the protein profile. 

Antibodies may be produced by any of a number of means well known to those of 
skill in the art (see, e.g. Methods in Cell Biology Volume 37 Antibodies in Cell Biology, 
Asai, ed. Academic Press, Inc. New York (1993); and Basic and Clinical Immunology 7th 
Edition, Stites & Terr, eds. (1991)). The antibody may be a whole antibody or an antibody 
fragment It may be polyclonal or monoclonal, and it may be produced by challenging an 
organism {e.g. mouse, rat, rabbit- etc.) with a protein of the profile or an epitope derived 
therefix)m. Alternatively, the antibody may be produced de novo using recombinant DNA 
methodology. The antibody can also be selected fi*om a phage display library screened 
against the protein or interest (see, e.g, Vaughan et al (1996) Nature Biotechnology, 
14:309-3 14 and references therein). 

Immunoassays also often utilize a labeling agent to specifically bmd to and label 
the binding complex formed by the capture agent and the analyte. The labeling agent may 
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itself be one of the moieties comprising the antibody/analyte complex. Thus, the labeling - 
agent may be a labeled profile protein or a labeled anti-profile protein antibody. 
Alternatively, the labeling agent may be a third moiety, such as another antibody, that 
specifically binds to the antibody/protein complex. 

Other proteins capable of specifically binding immimoglobulin constant regions, 
such as protein A or protein G may also be used as the label agent These proteins are 
normal constituents of the cell walls of streptococcal bacteria. They exhibit a strong non- 
unmunogenic reactivity with immunoglobulin constant regions from a variety of species. 
See, generally Kronval, et al 1 Immunol; 1 1 1 :1401-1406 (1973), and Akerstrom, et al, 1 
//wwwwo/., 135:2589-2542(1985). i 

Throughout the assays, incubation and/or washing steps may be required after each 
combination of reagents. Incubation steps can vary from about 5 seconds to several hours, 
preferably from about 5 minutes to about 24 hours. However, the incubation time will 
depend upon the assay format, analyte, volume of solution, concentrations, and the like. 
Usually, the assays will be carried out at ambient temperature, although they can be ; 
conducted over a range of temperatures, such as 10°C to 40°C. 

1. Non-Competitive Assay Formats 

Immunoassays for detecting proteins may be either competitive or noncompetitive. 
Noncompetitive immunoassays are assays in which the amovint of captured analyte (in this 
case the protein profile) is directly measured. In one preferred "sandwich" assay, for 
example, the capture agent can be bound directly to a solid substrate where they are 
immobilized. These immobilized antibodies then capture the protein of interest present in 
the test sample. The protein thus immobilized is then bound by a labeling agent, such as a 
second antibody bearing a label. Alternatively, the second antibody may lack a label, but it 
may, in turn, be bound by a labeled third antibody specific to antibodies of the species 
from which the second antibody is derived. The second can be modified with a detectable 
moiety, such as biotin, to which a third labeled, molecule can specifically bind, such as 
enzyme-labeled streptavidin. 
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2. Competitive Assay Formats 

In competitive assays, the amount of anaiyte (proteins of the protein profile) 
present in the sample is measured indirectly by measuring the amount of an added 
(exogenous) anaiyte displaced (or competed away) from a capture agent by the anaiyte 
present in the sample. In one competitive assay, a known amount of, in this case, Ae 
protein profile is added to the sample and the sample is then contacted with a capture 
agent. The amount of protein bound to the antibody is inversely proportional to the 
concentration of the protein present in the sample before the exogenous protein is added to 
thq reaction mix. 

In a particularly preferred embodiment, the antibody is immobilized on a solid/ - 
subs^ate. The amount of protein bound to the antibody may be determined either by 
measuring the amount of protein present in an protein/antibody complex, or alternatively 
by measuring the amount of remaining uncompeted protein. The amount of protein may 
be detected by providing a labeled protein molecule. 

A hapten inhibition assay is another preferred competitive assay. In this assay a > 
known anaiyte, in this case the protein profile is immobilized on a solid substrate. A 
known amount of antibody is added to the sample, and the sample is then contacted with 
the immobilized protein. In this case, the amount of antibody bound to the immobilized 
protein is inversely proportional to the amount of protein present in the sample. Again the 
amount of inunobilized antibody may be detected by detecting either the immobilized 
fraction of antibody or the fraction of the antibody that remains in solution. Detection may 
be direct where the antibody is labeled or indirect by the subsequent addition of a labeled 
moiety that specifically binds to the antibody as described above. 

3. Other Assay Formats 

In a preferred embodiment. Western blot (immunoblot) analysis is used to detect 
and quantify the presence of protein in the sample. The technique generally comprises 
separating sample proteins by gel electrophoresis on the basis of molecular weight, 
transferring the separated proteins to a suitable solid support, (such as a nitrocellulose 
filter, a nylon filter, or derivatized nylon filter), and incubating the sample with the 
antibodies that specifically bind protein. The anti-protem antibodies specifically bmd to 
protein on the solid support. These antibodies may be directly labeled or alternatively may 
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be subsequently detected using labeled antibodies (e.g., labeled sheep anti-mouse 
antibodies) that specifically bind to the anti-protein. A particularly preferred protocol for 
Western Blot detection of human or animal protein in CSF is provided in Example 1 . 

Other assay formats include liposome immunoassays (LIA), which use liposomes 
5 designed to bind specific molecules (e.g., antibodies) and release encapsulated reagents or 

markers. The released chemicals are then detected according to standard techniques (see, 
Monroe etat. {\9%6)Amer. Clin. Prod. Rev. 5:34-^1). 

.4- Labels 

10 The particular label or detectable group used in the assay is not a critical aspectf^^f 

the invention, so long as it does not significantly interfere with the specific binding of the 
antibody used in the assay. The detectable group can be any material having a detectable 
physical or chemical property. Such detectable labels have been well developed in the 
field of immunoassays and, in general, most any label usefiil in such methods can be 

15 applied to the present invention. Thus, a label is any composition detectable by > 

spectroscopic, photochemical, biochemical, immunochemical, electrical, optical or 
chemical means. Useful labels in the present invention include magnetic beads {e.g. 
Dynabeads™), fluorescent dyes {e.g., fluorescein isothiocyanate, texas red, rhodamine, and 
the like), radiolabels {e.g., ^H, 35s, l^c, or 32p)^ enzymes {e.g., horse radish 

20 peroxidase, alkaline phosphatase and others commonly used in an ELIS A), and 

colorimetric labels such as colloidal gold or colored glass or plastic {e.g. polystyrene, 
polypropylene, latex, etc.) beads. 

The label may be coupled directly or indirectly to the desired component of the 
assay according to methods well known in the art. As indicated above, a wide variety of 

25 labels may be used, with the choice of label depending on sensitivity required, ease of 

conjugation with the compound, stability requirements, available instrumentation, and 
disposal provisions. 

Non-radioactive labels are often attached by indirect means. Generally, a ligand 
molecule {e.g., biotin) is covalently bound to the molecule. The hgand then binds to an 
30 anti-ligand {e.g., streptavidin) molecule which is either inherently detectable or covalently 

bound to a signal system, such as a detectable enzyme, a fluorescent compoimd, or a 
chemiluminescent compound. A number ofligands and anti-ligands can be used. Where 
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a ligand has a natural anti-ligand, for example, biotin, thyroxine, and Cortisol, it can be - 
used in conjunction with the labeled, naturally occurring anti-ligands. Alternatively, any 
hs^ptenic or antigenic compound can be used in combination with an antibody. 

The molecules can also be conjugated directly to signal generating compounds, 
e.g. , by conjugation with an enzyme or fluorophore. En2ymes of interest as labels will 
primarily be hydrolases, particularly phosphatases, esterases and glycosidases, or 
oxidoreductases, particularly peroxidases. Fluorescent compounds include fluoresceiin and 
its derivatives, rhodamine and its derivatives, dansyl, umbelliferone, etc. 
Chemiluminescent compounds include luciferin, and 2,3-dihydrophtliala2inediones, e.g., 
luminol. (For a review of various labeling or signal producing systems which may be i . 
used, see, U.S. Patent No. 4,39 1 ,904). 

Means of detecting labels are well known to those of skill in the art. Thus, for 
example, where the label is a radioactive label, means for detection include a scmtillation 
counter or photographic fihn as in autoradiography. Where the label is a fluorescent label, 
it may be detected by exciting the fluorophore with the appropriate wavelength of light an^ 
detecting the resulting fluorescence. The fluorescence may be detected visually, by means 
of photographic film, by the use of electronic detectors such as charge coupled devices 
(CCDs) or photomultipliers and the like. Similarly, enzymatic labels may be detected by 
providing the appropriate substrates for the enzyme and detecting the resulting reaction 
product. Finally simple colorimetric labels may be detected simply by observing the color 
associated with the label. Thus, in various dipstick assays, conjugated gold often appears 
pink, while various conjugated beads appear the color of the bead. 

Some assay formats do not require the use of labeled components. For instance, 
agglutination assays can be used to detect the presence of the target antibodies. In this 
case, antigen-coated particles are agglutinated by samples comprising the target 
antibodies. In this format, none of the components need be labeled and the presence of the 
target antibody is detected by simple visual inspection. 

D) Diagnostic Imaging 

One or more of the proteins making up the disease protein profiles obtained using 
the methods described herein can also be used as markers in diagnostic imaging 
techniques, for example magnetic resonance imaging (MRI). 
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IIL Determining Disease Severity Using the Protein Profile 

One or more the proteins which make up the protein prolBles as described herein 
can also be useful m determining disease severity. In particular, an indicator of disease 
severity can be the absolute or relative amount by which one or more proteins of the profile 
have increased or decreased as compared to healthy control levels. For example, as shown 
in Figure 4, panels A through C, severity of PD is correlated to decrease in CIT-5 (Apo-Al 
lipoprotein). Panel A shows that the relative quantity of Apo-Al lipoprotein decrease as 
the "H+Y" rating of disease severity increases. The least severely affected patients (shown 
as "1") have more Apo-Al lipoprotein than the more severely affected patients (showij.as 
*'2.5" or "3*'). Panel B shows that a decrease in Apo-AI lipoprotein also correlates to age 
and duration of PD. Young patients with short disease duration (" YS") have relatively 
more Apo-Al lipoprotein than young patients with long duration ("YL") or old patients 
with either short ("OS'') or long ("OL") duration disease. Panel C expresses Apo-Al 
lipoprotein amounts plotted against clinical parameters. A rating of " 1 " indicates short ^ 
duration PD with no dyskinesia, and no or minimum dopamine therapy. A "2" indicates 
medium duration disease, dyskinesia and low dopaminergic therapy. A "3" indicates long 
duration, dyskinesia and moderate to high dopaminergic therapy. As the rating increases, 
the relative amount of Apo-Al lipoprotein decreases. 

rV. Therapeutic Monitoring and Patient Management using Disease-Specific 
Protein Profiles 

The disease specific protein profiles which are identified as described herein are 
also useful in therapeutic monitoring and patient management. For example, using the 
schizophrenia protem profile described herein, changes in the levels of the individual 
proteins in response to drug treatment can be evaluated. As shown in Figures 7 to 10, 
when the protein profile of untreated schizophrenics is compared to those on some 
conventional treatment regimes, differences in the levels of the individual proteins is 
observed. In some cases, the treatments drive the protein level closer to normal (Figures 8 
and 10). In this way, it is contemplated that new treatment regimes could be developed by 
examining the levels of the protein profile. Similarly, the protein profiles of individual 
subjects could be monitored for example, to determine progression of the disease. The 



wo 98/40748 PCT/US98/05045 

27 

present invention, therefore, provide a rapid and efficient way to monitor treatment 
regimes and to determine if an individual is deteriorating or improving. 

The protein profiles are also useful in developing drugs using animal models of 
disease. Human disease models can be created in laboratory animals, for instance, by 
mserting a human gene(s) into the animal. The protein profiles obtained by the methods 
described herein are applicable to these animal models and can be used to monitor 
treatment protocols and regimes in these animal models. 

The following examples are provided to illustrate but not limit the present 
invention. / 

EXAMPLES 
Example 1: Preparation of Samples 

Cerebrospinal fluid samples were kindly provided by various neurologists and 
veterinarians. The diagnoses were made by the referring physicians accordmg to standard 
clinical criteria in addition to pathological studies as appropriate. The CSF was collected 
and the samples were immediately frozen at before shipment to our laboratory. 
Upon receipt, samples were thawed and aliquoted for use. Samples for 2-DE were 
prepared by the addition of 9M urea, 2% 2-mercaptoethanol, 2% NP-40, 0.8% BioLyte pH 
3-10 carrier ampholytes, and 0.002% Bromophenol blue. For SDS-PAGE, 50 pL CSF was 
added to 20 |iL Laemmli sample buffer, heated for 5 minutes at 95°C, and loaded. 

Two-Dimensional Electrophoresis (2DE) 

Samples were separated by two-dimensional electrophoresis and silver stained as 
previously described Harrington et al (1991) Methods: A Companion to Methods in 
Enzymology 3:135-141. Two dimensional electrophoresis consisted of isoelectric focusing 
followed by electrophoresis using a polyacrylamide gel. Isoelectric focusing was done in 
unmobilized pH gradients. The 180 mM linear pH 3-10 gradient (Pharmacia, LKB, 
Piscataway, New Jersey, USA, catalog #80-1 128-30) were used. These gradients were 
rehydrated, electrophoresed, and equilibrated as described in Bjellqvist et al. (1993) 
Electrophoresis 14:1375-1378 and Bjellqvist et al (1993) Electrophoresis 14:1357-1365. 
The second dimension was performed in 14% T polyacrylamide gels and silver stamed as 
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described in Harrington et a/. (1991) Methods: A Companion to Methods in Enzymology' 
3:98-108 or electroblotted as described in Towbin et al (1979) Proc, Natl Acad Set 
76:4350-4354 onto nitrocellulose (Schleicher & Schuell, catalog # 0830N) or PVDF 
(Millipore, Massachusetts, USA). The blots were stained with Coonaassie Brilliant Blue 
R-250 or silver stained. 



Evaluation of two dimensional gek 

Two-dimensional gel electrophoresis gels and blots were analyzed either by direct 
visual comparison, by comigration studies, and/or with the aid of computer image analysis 
software. GALtool (Solomon era/. (1993) 045/059: 133-1 39*0 or Melanie (BioRad)^ 
The raw data file for each sample is then processed by computer-assisted algorithms. The 
algorithm was performed as follows. First, the protein spots were identified iising an edge 
detector or peak identifier. The x and y co-ordinates corresponding to pH and molecular 
weight along with total integrated density were recorded. Next, all spots were compared 
from one sample to another. A master gel was used to retain all the data. > 

The compared gel data was then split into groups of each disease and normal 
controls. Similarities and differences were noted. All of the different proteins were then 
further analyzed in subsets of patients within each disease compared to controls. 

The above-described steps were subjected to multi-dimensional discriminant 
function analysis using either BMDP^"^ 7M Mainframe programs (BMDP Statistical 
Solutions Ltd., Cork, Ireland) or Unistat programs (Unistat House, London, England). 
Linear and nonlinear discriminant function analyses were performed. All variable proteins 
were examined for combinations that woxild provide the best discrimination and then the 
best discrimmation were investigated. Once these were determined, these proteins were 
used to test a second, new population of samples. Only when these same proteins gave 
discriminating power in the second population was this group of proteins considered for 
the profile. 

Proteins altered in neurologic disorders that may not uniquely discriminate the 
disease by themselves are studied to identify whether in combination a number of proteins 
can be form a profile which is specific for neurologic disorders as described in Example 2. 
The proteins can be identified by their migration in the gel. In addition, each protein in the 
profile can be identified by obtaining a molecular footprinting, for example, by one or 
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more of the following: antibody assay, protein sequence determination, mass spectromet^ 
and database comparison. 

Example 2: Preparation of Specific Protein Profiles 

1. Alzheimer's Disease (AD) 

Six samples from AD patients were used in the computation described in Example 
1 . The profile was composed of 18 proteins, or spots, designated AD-1 through AD-1 8 
which were altered in presence or amount from four healthy controls. All 1 8 spots present 
in the AD samples were not present in healthy controls. AD-1 through AD- 18 are 
identified by name or by approximate molecular weight and isoelectric point in Table V. 
Another profile specific for AD has been identified using a combination of proteins that 
include 2 of those qualitative markers with 7 other proteins that are altered in various 
diseases. 

2. Parkinson's Disease (PD) 

Six samples from PD patients were used to detennine a protein profile as described 
above. Eight proteins were found to be qualitatively or quantitatively altered in PD 
samples when compared to normal controls. The protein spots are identified in Table 1 . 
CIT-A, CIT-B and CIT-C were present in PD samples and were not present in healthy 
controls. CIT-1 (alpha 1 microglobulin), CIT-3 (PGDS isoform), CIT-4 (complement 4 
gamma) and CIT-5 (Apo-Al lipoprotein) were decreased in PD samples as compared to 
controls, while CIT-2 (PGDS isoform) was increased in PD samples. 

3. Schizophrenia 

Twenty samples from schizophrenic patients were used in the computation 
described in Example 1 . The profile was composed of seven proteins, or spots, which were 
altered in presence or amount from 100 healthy controls matched for age and sex and 70 
disease controls having disorders including manic depression, CJD, vkal encephalitis, 
subacute sclerosing panencephalitis, Korsakoff s psychosis, benign essential tremor, 
Huntington's disease, cerebrovascular disease, Alzheimer's disease, motor neuron disease, 
bacterial meningitis, systemic lupus erythematosis and headache. Results are shown in 
Tables 2 and 3. 
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Table 2: Schizophrenia 



jrroiein lueniiiicunon 


Concentration 
(relative to normal levels) 


protein 91 


0.54 


protein 48 


1.27 


orosomucoid 


0.63 


prostaglandin D synthetase (PGDS) 


0.8 


antithrombin III 


0.7 


protein 46 


1.23 


Table 3 


Protein identification 


Qualitative Changes 
(in percentage of patient population) 


fibrinogen degradation products 


3Q% 



As these results indicate, a protein profile specific for schizophrenia is 
characterized by decreased amounts of PGDS, orosomucoid, antithrombin III and protein 
91 as well as increased amounts of protein 48 and protein 46 when compared to normal 
CSF levels. Fibrinogen degradation products are absent in normal controls and appear in 
samples obtained from schizophrenics. 

4. Multiple Sclerosis 

Twenty samples from multiple sclerosis patients were used in the computation 
described in Example 1. One hundred age and sex matched controls were used along with 
70 other disorders includmg manic depression, CJD, viral encephalitis, subacute sclerosing 
panencephalitis, Korsakoff s psychosis, benign essential tremor, Huntington's disease, 
cerebrovascular disease, AIzheimer*s disease, motor neuron disease, bacterial meningitis, 
systemic lupus erythematosis and headache. Using the methods described above, a protein 
profile for multiple sclerosis was obtained and is shown in Table 4 and S. 



Table 4: Multiple Sclerosis 



Protein identification 


Concentration 
(relative to normal levels) 


ApoD (protein 108) 


1.56 


ApoD (protein 110) 


2 


proteins 91 and 92 


2 


a, p-glycoprotein 


2 
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Apo J/K 


1.6 


transthyretin 


1.4 


C4y 


2.5 


Ig K and L chains 


2 


Table 5: Multiple Sclerosis 


Protein identification 


Qualitative Changes 
(in percentage of patient population) 


fibrinogen degradation products 


13% 



The protein profile for multiple sclerosis includes ApoD (protein 108), ApoD 
(protein 1 10), protein 91, protein 92, a, p-glycoprotein, ApoJ/K, transthyretin, C4y, and Ig 
K and L chains. In affected individuals levels of these proteins are elevated as compared 
to normal controls. Fibrinogen degradation products also appear in these subjects. 

5. Creutzfeldt-Jakob Disease (CJD) 

Twenty samples of CJD were used to compute a protein profile. The samples were 
matched by age and sex to 100 normal controls and to 70 disease controls having disorders 
including manic depression, multiple sclerosis, viral encephalitis, subacute sclerosing 
panencephalitis, KorsakofFs psychosis, benign essential tremor, Huntington's disease, 
cerebrovascular disease, Alzheimer's disease, motor neuron disease, bacterial meningitis, ■ 
systemic lupus erythematosis and headache. As previously discussed, 99% of CJD 
patients show the appearance of 14-3-3 protein when compared to normal controls. In 
addition, 67% show the appearance of fibrinogen degradation products. 

6. Subacute Sclerosing Panencephaiitis (SSPE) 

Using 8 samples in the methods described above, a protein profile composed of 
proteins APOAl isoforms, APOJ isoforms, isofonns of haptoglobin p-chain, 46, GC 
globulin, 91, C3-activator and Ig kappa and lambda chains was determined for SSPE. 
Figure 5 where the multidimensional discriminating space is plotted in 2-dimensions and 
illustrates the diagnosis of subacute sclerosing panencephalitis (SSPE) patients in Group 5, 
individually labeled E with complete resolution jfrom the other patient groups. These 
results indicate that the present method can distinguish between SSPE and multiple 
sclerosis, two distinct disorders which cannot be differentiated using standard biochemical 
analyses. 
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Example 3: Response of Schizophrenia Protein Profile Markers to Drug Treatment 

The seven protein maricers which make np the protein profile identified in Example 
2 were analyzed to determine if their levels were afifected by drug treatment. Protein 
S quantity of each marker fi-om normal controls (normal), imtreated schizophrenics (none), 

and schizophrenics taking fluphenazine and chloropromazine (Flu + CPZ) or fliqjhenazine 
and lithiimi (Flu + Li) or fluphenazine alone (Flu). As shown in Figures 2 and 4, levels of 
protein 48 and protein 46 in schizophrenics taking drugs is closer to normal levels than in 
untreated patients. Interestingly, as shown in Figure 1, protein 91, which is decreased in 

10 the CSF of schizophrenia patients, is further decreased in schizophrenic patients who spc^^ 

following drug treatment. 

PGDS levels are decreased in both treated and imtreated schizophrenic patients, 
however, in patients taking fluphenazine alone or fluphenazine and lithium, the levels of 
PGDS are closer to normal controls. (Figure 3). The mventor has previously shown that 

1 5 altered levels of PGDS glycoforms are correlated with symptoms of sleep disorders. The 

present invention also indicates how PGDS levels correlate with sleep disorders. The 
schizophrenic patients who were on treatment regimes in which PGDS levels were closer 
to normal also had fewer sleep related symptoms. Thus, the present invention provides a 
method of monitoring treatment regimes and correlating protein levels to symptoms. 
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CLAIMS 

1 . A method of diagnosing a neurological disorder in a biological sample, the 
method comprising: 

(a) obtaining a disease-specific protein profile by detecting proteins whose 
levels are altered in a subject having a neurological disorder when compared to levels of a 
healthy control; 

(b) obtaining the biological sample; 

(c) measuring the levels of the disease-specific protein profile obtained in 
step (a) in the biological sample; and 

(d) comparing the levels of the disease-specific protein profile in the d- 
biological sample to levels found in the healthy control; 

wherein altered levels of the protein profile of the biological sample as compared to 
the healthy control is diagnostic of the neurological disorder. 

2. The method according to claim 1 , wherein the biological sample is > 
cerebrospinal fluid. 

3. The method according to claim 1, wherein the neurologic disorder is 
selected fi-om the group consisting of schizophrenia, Parkinson's disease (PD) and 
Alzheimer's Disease (AD). 

4. The method according to claim 1 , wherein the disease-specific protein 
profile is obtained using 2 dimensional gel electrophoresis (2DE). 

5. The method according to claim 1, wherein the disease-specific protein 
profile is obtained by Western blotting. 

6. The method according to claim 1 , wherein the disease-specific protein 
profile is obtained by immimoassay. 

7. The method according to claim 1 , wherein in step (c) the protein profile is 
measured by visualizing a 2DE gel. 
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8. The method according to claim 1 , wherein in step (c) the protem profile is 
measured using immunoassay. 

9. The method accordmg to claim 1, wherein in step (c) the protein profile is 
measured using Western blotting. 

10. The method according to claim 1 wherein the neurologic disorder is 
Alzheimer's Disease (AD). 

1 1 . The method according to claim 10 wherein the protein profile comprises 
proteins AD 1 through AD 1 8. 

12. The method according to claim 11, wherein protems ADl through AD18 
are present or increased in samples obtained fix>m AD patients as compared to samples } 
obtained fi'om healthy controls. 

13. The method according to claim 1 wherein the neurologic disorder is 
Parkinson's disease. 

14. The method according to claim 1 3 wherein the protein profile comprises 
Crr-A, CIT-B, CIT-C (protein 129), CIT-1 (alpha 1 microglobulin subunit), CIT-2 (PGDS 
isoform), CIT-3 (PGDS isoform), CIT-4 (complement 4 gamma) and CIT-5 (Apo-Al 
lipoprotein). 

15. The method according to claun 14 wherein CIT-A, CIT-B and CIT-C are 
present in PD patients and absent in healthy controls, CIT-2 is increased in PD patients as 
compared to healthy controls and CIT-1, CIT-3, CIT-4 and CIT-5 are decreased in PD 
patients as compared to healthy controls. 

1 6. The method according to claim 1 wherein the neurologic disorder is 
multiple sclerosis. 
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1 7. The method according to claim 1 5 wherein the protein profile comprises 
ApoD (protein 108), ApoD (protein 110), protein 91, protein 92, a, P-glycoprotein, 
ApoJ/K, transthyretin, C4y, and Ig K and L chains. 

5 

18. The method according to claim 1 wherein the neurologic disorder is 
subacute sclerosing panencephalitis (SSPE). 

19. The method according to claim 17 wherein the protein profile comprises 
10 APOAl isofonas, APOJ isoforms, isoforms of haptoglobin p-chain, 46, GC globulin,^91 ; 

C3-activator and Ig kappa and lambda chains. 
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